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The papers in this section clearly reflect that, as a field,
we have moved beyond discussions of how to teach about
information technology to how to incorporate information
technology into the preparauon of teachers. More impor-
tantly, these authors are critically reflective not only about
what that means but also about the implications it has for
our responsibilities as teacher educators. These authors do
not present technology as a panacea that will ““cure” what
ails teacher education but, rather, as a reality that we and the
teachers we prepare will encounter with increasing fre-
quency. Teachers, as well as other citizens of the world,
must be enabled to use technology in their daily lives if they
are to become full participants in an increasingly intercon-
nected global environment. But, because they are teachers
as well, they must also be prepared to use technology in
their professional lives in ways that assure the full develop-
ment of all of their students.

This is the important focus of the papers by these
authors. They each present an important issue for us to
consider as we reflect on how well our own uses of informa-
tion technology foster the development of our students as
professionals. Are we using technology to provide an
equitable and quality education for all students or do we
integrate it in ways that continue current inequities or create
new ones? How thoughtfully have we planned for the
incorporation of information technology into our teacher
education programs and into the schools that the teachers
we prepare will work in? Are we appropriately critical of
the software we use — does it reflect our needs rather than
the developers’ needs? Are there lessons teacher educators
can learn from other countries and how they have integrated
technology into education? What factors may play a role in
determining if and how teachers use technology in the
classroom? How can teachers establish an environment in
their classroom that encourages all students to have positive
experiences with technology? Are there other goals of
teacher education that should be considered when educating
i Qi i pre-service or in-service teachers about information
Dlver“”’y Ond International technology? These are some of the critical questions that
PefspeCTlves come to mind when looking to the future of the role of
technology in teacher education. The authors in this section
provide insight into these and other questions related to the
important topic of diversity and technology.

The paper by Assheton-Smith highlights the importance
of integrating the provision of equipment, the preparation of
both in-service and pre-service teachers, and the develop-
ment of appropriate software. His discussion of the
Computers in the Schools and Colleges Project currently
underway in the Cape Province in South Affica clearly
shows how each element is a necessary but not sufficient
condition for preparing teachers who are computer-literate.
All elements, provided in a coherent and integrated fashion,
are essential. An exciting aspect of the Computers in the
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developed overseas. This is not an issue that has been
addressed by many of us in the past.

Drawing from their experience teaching in a Diploma
program in Educational Computing at the “Jniversity of Port
Elizabeth in South Africa, Bean and Cowl y provide a
broad consideration of the state of technology preparation
foc teachers in South Africa today. They emphasize not
only the limited degree of preparation in the educational use
of computers that all teachers have had but also point out
discrepancies in that training. This is particularly distressing
given the ethnic composition of teachers in South Africa.
Although the majority of teachers are Black, they have had
the most limited preparation in the educational uses of
computers. Bean and Cowley’s discussion of their own
program, however, points out how education can serve as
not only an environment for providing skills and knowledge
but as a context for social change. They shift our consider-
ation of technology preparation to a more complex level.
They encourage us to think beyond teaching students about
technology or incorporating technology into our programs
to thinking about how the accomplishment of both of those
goals can foster the development of more important goals
such as inter-group cooperation.

Parrick Bean suggests that technology can be used to
overcome current educational crises. Although he focuses
specifically on the crisis in South Africa, his suggestions
have wide applicability. He discusses factors influencing
the successful implementation of technology. These factors
have implications for the successful implementation of any
educational change. They include political influence
exerted in a supportive way; a strong economy to fund
change; coherent and integrated planning; private sector
support; the involvement of teacher education: computer
literacy at all levels of the community; building on existing
projects, initiatives, and skills; and employing information
technology as a facilitator. As he further notes in relation to
information technology, “any country, COmmunity, or
organization not ma~imizing the use of information
technology will suffer from an ever-widening deficitin
contrast with countries utilising it in a directed manner.”
This makes our responsibility for preparing teachers to be
thoughtful users of technology even more significant.

Knezek and his colleagues’ paper informs us that South
Africa is certainly not alone in rying to discover how best
to educate teachers about technology. They compare the
approaches of China, Japan, Thailand. and the United States
of America (USA). There are some striking similarities
across these four countries which suggest that many patiemns
in teacher education and technology are widespread. For
example, although teachers are growing more enthusiastic
about the use of technology in the classroom, they continue
to receive inadequate training. The authors suggest that
given the similarities across these countries, problems
encountered in the USA may foreshadow future problems in
other countries. An unfortunate trend in the USA is that the
majority of teachers who have resources and adequate
training do not use technology in their classrooms. This
trend suggests that resources and training are necessary, but

not sufficient components of a plan to include the use
technology in the curriculum. Teacher educators must take
seriously the responsibility they have for prenaring teachers
who will actually use available technology. Knezek etal.
point out that an important first step toward this goal is that
teacher educators must educate themselves about technol-
ogy.

Yuen-kuang Cliff Liao and Su Chin Shih suggest that
there may be more to using computers in the classroom than
training and resources. They argue that more needs to be
known about individuals’ attitudes towards computers. Not
surprisingly, past research has indicated a positive relation-
ship between computer attitudes and computer literacy. In
their study, they exarined the computer attitudes of
ur.dergraduate students. The results indicated that gender
may be an important factor to consider when training pre-
service or in-service teachers to use technology. In general
all students had positive computer attitudes, but the male
students in their study had more positive attitudes than the
fernale students. In addition, they found that there were
different patterns of attitude change for males and females
as they gained more experience. Males tended to be more
confident and like computers more in a relatively short
period of time (0-3 months). For females, however, there
was an increase in positive computer attitudes after 6
months of computer experience. This result may have
important implications for the computer education of
teachers. Female teachers may require frequent and
relatively long term computer training in order to produce
the positive computer attitudes that will lead them to
incorporate available technology into their curriculum.

The relationship between gender and technology is also
ar2 that Hutchinson and Kung explore in their paper. They
point out that although the National Council of Tea"ners of
Mathematics (NCTM) has advocated the need for all
citizens to be mathematically literate, females are much less
likely than males to choose careers related to math (e.g.,
engineering). Research has shown that there are many
reasons for this gender gap, such as lack of female role
models and teacher attitudes about girls and math.
Hutchinson and Kung describe their project which was
aimed at increasing the number of girls interested in math
related careers. They propose that not only do teachers need
to be aware of the gender issues related to math education,
they also must be familiar with ways that computer technol-
ogy and manipulatives can be used successfully with female
students. Teachers who participated in the program have
gone back to their schools and taken on the responsibility of
educating their fellow teachers about these issues. This kind
of dissemination of information is crucial if advances are to
be made in reducing the gender gap. Teacher education
must not only encourage teachers to be sensitive to different
needs as students leam about technology but must also help
them devise ways of approaching curriculum diiferendy,
given these different needs.

Robertson argues in his paper that there are ways to
educate prospective teachers about technology and issues
related to diversity at the same time. Technology can be
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used as a means of increasing pre-service teachers’ sensitiv-
ity to and understanding of cultural diversity. He describes
an approach to teaching the use of technology in the
classtoom through the use of a data base of Black and
Hispanic owned businesses. As students learned various
techniques, such as sorting, they also were educated about a
segment of business owners of which there is little public
awareness. It is through methods such as these that pre-
service teachers’ stereotypical beliefs about cultural groups
are challenged in a non-threatening, non-confrontational
manner. There is little disagresment that reacher education
must prepare teachers to use technology in the classroom,
but this goal need not be accomplished without attention to
other important goals, such as promoting cultural awareness
-and understanding.

These papers clearly convey the permanent place that
technology has in education and, therefore, must have in
teacher education as well. One question that naturally
follows is what is the role of the individual teacher educa-
tor? In some respects this will differ depending on the
particular circumnstances of the region or country the teacher
educator teaches in. However, largely because of technol-
ogy. our world is becoming one community and thezefore,
many of our technological needs are similar. A consistent
theme in these papers is that diversity issues are extremely
important considerations when looking to the future of
technology. Whether we are referring to Blacks in South
Affica, citizens in developed countries, women, or minori-
ties in the USA, all groups must have access to technology.
Teacher educators throughout the world must take responsi-
bility for making certain they and the pre-service and in-
service teachers they work with are adequately educated
about the issues discussed in these papers if there is to be
significant progress in the quality of technology education
students receive and. in turn, how well we are all able to
positively contribute to an increasingly, interconnected
global environment.
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tional Studies Program, School of Education. University of
Michigan, Ann Arbor, MI 48109 e-mail:
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Getting Computers into
the Classroom — a South
African Perspective

M. C. Assheton-Smith
Port Elizabeth Teachers’ Centre

Education during the apartheid years in South Africa
was based on ethnic, tribal, and language groupings. The
underlying philosophy behind this segregation was the
concept of mother-tongue instruction for the initial years of
education. As a result, school education in South Africa is
currently controlled by 17 education departments, of which
four provide for white pupils, one each for Coloured pupils
(people of mixed race) and Indian pupils and the remainder
for Black pupils, including the homelands and the self-
governing states (Clark, Hosticka & de Neuilly Rice, 1993).

During the 1980s several attempts were made to
introduce computers into classrooms. These initial projects
achieved only limited success for a variety of reasons, not
least due to the emphasis on the provision of equipment
rather than on training teachers to use the equipment. There
have been similar experiences in other countries around the
world (Hawkridge, Jaworski and McMahon, 1990).

The Computers in Schools and Colleges
Project
In the second half of 1991, after an 18 month planning

phase, the Department of Education and Culture: House of
Assembly and the four provincial education departments

. associated with it jointly launched a project for computer-

based education in schools and colleges. Each department

has proceeded along its own path within the guidelines laid

down for them. The discussion that follows outlines the
process, identified as the Computers in Schools and

Colleges Project (CISC), developed by the Cape Education

Department.

As indicated above, earlier individual attempts by
schools to introduce information technology were largely
aimed at providing hardware and software for classroom
use. Just as Davis (1992) found in the United Kingdom,
these initial attempts failed to include teacher education
institutions. Training of teachers was mostly carried out
internally by schools on an ad-hoc basis, allowing many
teachers not interested in the new technology to opt out of
the process. The CISC project aims to avoid these shortfalls
by only providing equipment to schools where teachers
have fulfilled minimum training requirements, either pre-
service or in-service. The project is also intended to address
another problem area. Schools and teachers have been
unable to integrate information technology into most
subjects. Initial investigations indicated that subject syllabi
provides only the most scant details of any integration and
little if any software was available which covered content
included in local curricula. This was particularly evident in
secondary schools. Cultural and technical bias (Harrington,
1993) in software developed overseas was often overlooked.
To address these issues the project, broadly speaking, is
based on three parallel processes:

1. The provision of computer equipment and software to
schools on a phased basis and the provision of in-service
computer-literacy training for teachers.

2. The provision of equipment and software to teacher
training colleges for the training of pre-service teachers.
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3. The establishment of project schools for the testing and
development of software-based teaching material for
local curricula.

As aresult of sanctions, South Africa is essentially a
single platform environment, based on the PC clone market.
It was, therefore, easy to standardise training based on the
configuration of the equipment to be provided to schools.
Budget constraints and the need to provide large amounts of
equipment resulted in participating schools receiving
batches of equipment consisting of two computers, a printer
with a sharer, and copies of an integrated software package
on an annual basis until a maximum ratio of one computer
per 50 pupils is reached.

Software selection is an ongoing process. As the initial
thrust of the project is aimed at teacher training in basic
computer literacy. it was decided to supply an integrated
software package with all equipment. Microsoft Works was
chosen for this purpose. In order to qualify for each batch
of equipment, participating schools are required to send at
least two teachers to the local Teachers' Centre for a week
long in-service training course on Microsoft Works.

A cascade approach to training is employed. This
approach requires that the individuals who receive initial
training from specialists at their local Teachers’ Centre
assume responsibility for training their colleagues at school.
As Hawkridge and McMahon (1992) point out, the success
of a cascade training system depends heavily on the trainers
at each level of the cascade. They must be provided with a
robust support structure and an effective communications
system to assist them in the process.

To this end the Teachers’ Centres in the Cape Province
provide a node for supporting teachers through in-service
training, technical assistance, and subject-related support.
As the project progresses, careful monitoring of the skills of
teachers at all levels of the cascade will need to be made in
this area. A process of feedback from the lower levels of
the cascade will need to be implemented in order to expand
the network of trained, technologically capable teachers
within the system. This is where the real return on the
investment in equipment will be realised.

The training itself has evolved during the project and
emphasises:

1. A hands-on approach to the four basic applications in
MS-Works using curriculum-based examples. Teachers
are encouraged to experiment for themselves.

2. The relationship between information technology and
the curriculum.

3. The teacher as the learner — concepts that they find
difficult to grasp may also be difficult for them to teach
to other teachers in the training cascade or to teach to
pupils.

4. Didactic strategies for the implementation of the new
technology in the classroom.

The first two years of this phase of the project are, thus,
aimed at the provision of small amounts of equipment for
the teaching of basic computer literacy skills to all teachers

in the participating schools. At the same time all pre-service
teachers at teacher training colleges are required to take a
computer literacy course based on the same integrated
software and training approach.

Concurrently, several Project Schools have been
identified. These schools, in contrast to other schools, have
been provided with fully equipped computer laboratories
and the staff given intensive in-service training. The task of
the project schools is to (a) test curriculum-based software
developed/purchased for the project; (b) develop in-hcuse.
end-user type packages that can be used in conjunction with
MS-Works or similar integrated software. Once these
computer-based lesson packages are complete, they v ill be
lodged with the National Film Library where they will be
available to any teacher at any school; (c) develop didactic
strategies for the implementation of computer technology in
the curriculum; and (d) provide a valuable support mecha-
nism for teachers training in the cascade. In the years ahead
it is hoped that, as more equipment becomes available and
more trained teachers are able to avail themselves of pre-
tested software modules, the integration of computer
technology into daily subject teaching will occur naturally
in the schools participating in the project.

There are both positive and negative aspects of the

project. The positive aspects of the project are that:

1. Fourteen hundred teachers a year receive
computerliteracy training in the Cape Province.

2. The project has raised the level of awareness among
teachers of the computer as a teaching aid and has
increased the frequency of use in the classroom.

3. Many schools have undertaken fund-raising drives to
supplement the computer equipment provided.

4. Standardisation on one software package that can be
used for training purposes has been completed.

S. MS-Works provides a development path from a DOS
version to a Windows version.

6. Ready made computer-based lessons for teachers are
available.

7. Several schools are already experimenting with more
advanced technology such as CD-ROM, downloading
satellite weather data, and computer-based measurement
in the science laboratory. These individual efforts are
often in conjunction with commercial enterprises.

In contrast, the negative aspects of the project are that:
1. The process of supplying equipment is slow.
2. Schools may end up with a variety of equipment from
ATs to 486s.
3. The process of mastering the new technology in the
project schools has taken longer than initially expected.
4. All schools in South Africa can not be involved at this
time.

Future Developments

A single Education Department will be established by
April 1994. Between eight and ten regional educational
authorities will be established, all answerable to the central
education department which will provide for one examining
body, one curriculum body, and one education policy.
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Education systems exist within social and political
systems (Hawkridge, 1987). Until South Africa completes
the changes it is undergoing in its social and political
systems it will be difficult to assess the exact positioning of

“the CISC project within the new structures. It is encourag-
ing to note that policy speeches by major political leaders
indicate a movement away from academically based
education towards vocationally oriented education. This
will pave the way for the introduction of subjects such
Technology and Information Systems as subjects in the
secondary curriculun.

No matter what the changes, in-service training of
teachers will remain a major priority — it is generally
accepted that currently 30 - 40% of teachers are under-
qualified. Clark, Hosticka anc de Neuilly Rice (1993)
clearly illustrate the problems facing education in the new
South Africa. Distance education, tele-tuition, and com-
puter-based education will all need to play arole. The
lessons learned through the success of the current Comput-
ers in Schools and Colleges Project will provide a model for
the use of computers in education in the new South Africa
of the 90's.
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The University of Port Elizabeth is one of two universi-
ties in South Africa to offer a two-year, part-time, Further
Diploma in Education in Educational Computing. The
diploma program was initiated in January 1993 with a
multi-cultural group of 40 in-service teachers. For the
purpose of this diploma, the term *“‘educational computing”,
is used as an all-inclusive and neutral concept, incorporating
all the modes of computer use in schools.

Background
A report on a South African govemment-initiated

investigation into computer literacy training in South Africa,

undertaken jointly by the National Training Board (NTB)
and the Human Sciences Research Council (HSRC), was
published on 23 August 1991 (Department of Manpower,

1991). This investigation resulted in the formulation of an

action plan/strategy to ensure that, by the year 2000, all

school leavers would be functionally computer literate — an
overly ambitious goal given the realities of South Africa.
The Educational Renewal Strategy (ERS) and the

National Education Policy Investigation (NEPI) also

support the need for teachers to be educated in the applica-

tions of information technology in schools (Department of

National Education, 1992; National Education Co-

ordinating Committee, 1993). The intent is to restructure the

South African education system to correct past imbalances.
In 1992 the ethnic composition of the 310, 000 teachers

in South Africa was as follows: 65% Black, 18% White,

13% Coloured (mixed race), and 4% Indian (National

Education Co-ordinating Committee, 1993). Furthermore,

research undertaken by the authors (Bean & Cowley, 1993)

indicates that amongst teachers in nearly 400 schools:

1. Only 10% of the White, Coloured, and Indian teachers
(taken as a group) and less than 1% of the Black teachers
had taken a computer course during pre-service training.

2. Nearly 10% of White, Coloured, and Indian teachers
(taken as a group) received in-service computer training
and/or undentook part-time studies in computer literacy
whereas only 2% of their Black counterparts did so.

3. Less than 2% of the Black teachers use a word processor
for 2 hours or more per week but 15% of the other group
does.

It is clear that few South African teachers have sufficient
skills in the educational use of computers and that there is a
definite need for training in this field.

Rationale for Curriculum Content
The diploma program is a response to the needs and
problems discussed above. The primary aim is to equip and
prepare in-service teachers to act as computer coordinators
and innovators in their respective institutions and this
entails:
1. Promoting the use of computers in all school activities.
2. Directing and managing computer literacy programmes
for students.
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3. Assistingtheir colleagues in becoming “‘educationally”
computer literate through in-service training, workshops
and support.

4. Guiding cross-curricular educational computing applica-
tions in all subject areas.

S. Co-ordinating the use of computers in administration.

The secondary aim of the diploma program is to expose
teachers/lecturers (our students) to new developments in
educational computing (e.g., internatianal trends, multime-
dia applications, didactical and methodological principles).
Niess (1991) compared the internaticnally accepted
competency guidelines drafted by the Northwest Council for
Computer Education (NCCE) and the Oregon State
University in 1989-90 with those drafted by NCCE in 1983.
In answer to the question of what teachers should know
about computer technology in order to be competent
computer using teachers in the 1990’s, she suggested the
following synopsis of competencies: all teachers in the 90’s
must (a) be comfortable with computer technology,

(b) be knowledgeable about the impact of computer
technology on and in society, end (c) teach using computer
technology.

Diploma Program

A comparison of the primary and secondary aims of the
Diploma with Niess’ synopsis of competencies indicates
that Diploma satisfies these criteria. This can be seen by
examining the program structure, student selection, and the
hardware and software utilized.

Course structure

Two years of part-time study:
First Year Second Year

Educational Computing 1 Educational computing 2

Computing Practice 1 Educational computing 2
Methodology of
Educational Computing 1

Selection of Students

The minimum admission requirements for the program
are that applicants must be professionally qualified teachers
with an approved training of at least M+3 (12th grade plus
three years post-school teacher education). A marketing
drive, targeting all schools within an 80 kilometer radius of
the University, drew tremendous interest from teachers
across the cultural spectrum. Applications ranged from
junior school teachers to lecturers at technical and teacher-
training colleges. Most of the applicants were White and
Coloured teachers/lecturers. This teacher/lecturer profile can
be attributed to the active promotion of computer integration
in their schools and colleges.

We selected 40 students for the diploma program based
on (a) available facilities and manpower constraints; (b} a
diversity of subject areas, school phases, and cultures; and
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(c) to assist certain schools and colleges who had appointed
a non-educationally computer literate staff to train their
students in Computer Literacy!

Hardware and Software Utilised

The students have access to a laboratory of 40 33 MHz,
486SX workstations, all with SVGA displays and 120 MB
local hard disks, networked together. Software includes a
standard integrated package, a variety of open-ended and
closed CAL software, a school administration system, and
system utilities. These facilities have proved to be adequate
for our students’ educational needs.

The Diploma - One Year On

It has been very interesting to teach in the diploma
program. The interaction of the students with course
material and each other reflect the challenges and problems
of a society made up of diverse groups in the throes of
fundamental change.

When the diploma started. students cited two reasons
why they had enrolled. They either had an interest in
educational computing and a desire to improve their
qualifications or they believed that a further qualification
would lead to an increase in salary. Those students regard-
ing one as more important seem more motivated than those
who regard two as more important, although the gap
between the two groups has narrowed.

As a group, the students have become more knowledge-
able and aware of the possibilities of educational computing.
A substantial number of the students have bought, or are
planning to buy, their own personal computers and software.
Some students have assumed the roles of innovators and
catalysts for change in their institutions and are training
fellow educators and/or are developing simple information
systems.

The class is still divided on racial grounds, with students
tending to associate with those of their own race (Whites
with Whites, Coloureds with Coloureds, Blacks with
Blacks) when working in groups and doing practical work,
despite being encouraged to interact by the lecturers. Inter
group co-operation is increasing, however, and there is a
friendly and positive atmosphere in the class, with no
apparent inter-racial friction.

Progress in the Diploma has tended to be most rapid for
the White students, less rapid for the Coloured students, and
least rapid for the Black students, although these differences
are decreasing. They are due to historicai and current
disparities in access to educational resources in general, and
to computing resources in particular. These differences are
going to require a lot of time, effort, and money o elimi-
nate.

Conclusion

Teaching in the diploma program has been a rewarding
experience for the authors. It will be interesting to observe
the evolution of this program in the years to come. as well
as the contributions to educational computing that students
awarded the diploma will make.
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. The future of computers in South African schools is
Computers |n SOufh _ clouded by the many uncertainties surrounding the nature of

the future educational dispensation in what is popularly

African SChools: QUO  refered to as the “New” South Africa.
Vadis? The Present Situation

The extent of the current education crisis in South Africa
is enormous. The profile of the education level of the

Patrick Bean population currently in employment consists of 30% with
, \ . no formal education, 36% with only primary education,

University of Port Elizabbeth 319 with secondary school education, and 3% with tertiary
education (Hofmeyer and Buckland, 1992). According to
Du Preez (1991), the South African population is expected
to double from approximately 35 million in 1991 to
approximately 70 million in 2020. Furthermore, he
forecasts that the Black school population (now 75% of the
total school population) will ircrease threefold from
approximately five million to 15 million over the same
period.

As National Education Minister Piet Marais has
indicated, because the number of students increases by
about 500, 000 per year an extra S00 schools are needed
annually (E.P. Herald, 1993). This problem is exacerbated
by the fact that, in 1992, 20% of the total South African
national budget was already allocated to education, the third
highest in the world based on percentage of total budget
(National Education Co-ordinating Committee, 1993).

According to Mills (1990), the available statistics reveal
that the educational crisis in South Africa cannot be
overcome by conventional or traditional methods. Over and
above the ever-increasing financial resources that must be
provided new and innovative teaching methods, including
the application of technology, need 1o be incorporated.

Current South African educational policy, largely
because of the decentralisation of educational policy
making, lacks consistency and coordination in respect to
computers in education (Bean, 1992). Computers, (some of
them obsolete) have been provided to schools in an uncoor-
dinated fashion. Some computers have been provided
through segregated departments of education, others via
donations, and some through the efforts of teachers or
parents in individual schools. As would be expected,
schools serving more affluent communities have fared best,
quickly widening the gap between privileged and under-
privileged pupils. The use of computers in White schools in
particular has become widespread, with many of these
schools acquiring computer eguipment on an ad hoc basis.

At the other end of the scule, L:owever, Black schools
(which constitute the vast majority of schools in South
Africa) are in a very unfortunate position. These schools
have not received any computer equipment from their
respective departments and few are in a position to enjoy the
‘luxury’ of computers. Contributing factors include socio-
economically disadvantaged parents, minimal private sector
support, overcrowded schools, and the absence of electricity
in many rural schools.

One positive aspect, though, does emerge from the study
of these imbalances. The lessons leant through the
computer integration initiatives of certain departments of
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education and tertiary institutions in South Africa (Bean,
1992) can serve as a foundation for a future national
computer integration policy and, thereby, eliminate costly
mistakes and time-consuming planning.

The Future: The General Election, April
1994

Drastic changes are due to take place in the education
system of South Africa after the first fully democratic
elections for a Government of National Unity on 27 April
1994. Itis anticipated that South Africa will be divided into
six or seven regions, each receiving a certain degree of
autonomy in the execution of a national education policy.
The burning educational questions facing the soon-to-be-
elected interim government include:

1. How can equal educationalopportunities be provided?
2. What educational standards can be applied/afforded?
3. How can the problem of illiteracy be tackled?

4. How can an adequate number of qualified teachers be -
provided for the future?

5. How can existing under-qualified teachers be adequately
trained through the INSET programme?

6. Will the interim government find constructive alternatives
for the millions of young people (the “lost generation™)
who have been denied an education?

7. How can a high level of basic education, on which to
build skills needed for economic growth, be structured?

Two very important documents concerning a future
national education policy for South Africa were published
during 1992 and 1993. The Educational Renewal Strategy
(ERS) and the National Education Policy Investigation
(NEPI) clearly state the views of two major role-players in
the forthcoming elections — the present government and
the African National Congress (Department of National
Education, 1992; National Education Co-ordinating
Committee, 1993).

The ERS and NEPI documents do not deal with the use
of computers in schools in great detail and it would there-
fore be pointless to attempt to predict the educational
computing policies of these parties by attempting to “read
between the lines” of these documents. It is clear, however,
that one of the most important precondition for the applica-
tion of computers in the new education system is the
development of a comprehensive plan addressing the future
integration of the current fragmented system.

A National Policy on Computers-in-

Schools for South Africa

The present situation regarding computers in schools in
South Africa typifies how damaging the lack of a national
policy based on a dominant rationale, i.e., social, voca-
tional, pedagogic or catalytic (Hawkridge, 1990) can be.
The new Ministry of Education in South Africa must base
its computers-in-schools policy on one or more of the
rationales listed above. Although the government may
initially lack the money to do as they wish as well as being
unable to give computers high priority, they can make
important policy decisions and determine at what stage
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computers should receive a higher priority. The following
two key issues, in particular, relating to computers-in-
education need to be addressed as a matter of urgency.

Teaching with Compute. .

Should computer-based education be considered an
important way to improve the quality of teaching and
learning in South African schools and address the high
drop-out rate of students from disadvantaged communities?
In White education, ‘at present, approximately 82% of
students entering school pass Standard 10 (12th grade). The
corresponding figure for students in Black schools, how-
ever, is as low as 20% (Department of Natiorial Education,
1992). The shortfall of adequately trained teachers is often
mentioned as the primary cause of this discrepancy. In the
South African context the effectiveness of teachers can be
improved by supplementing their knowledge and improving
their ability to handle large groups of students at a time.
The experience of the University of the Westem Cape is of
great interest in this regard. As Mehl (1991) indicates, “two
tutors easily manage 1000 participants per week. It
continues to be striking how easily students from the most
disadvantaged backgrounds in the Cape Peninsula adapt to
the use of high technology.”

Teaching about Computers

Should information technology be included in the
national curriculum? At a conference on the restructuring of
education in South Africa in 1993 the following statement
was made: *“The school curriculum is like the national flag;
it is the most concrete and tangible expression of national
values” (Centre for Science Development, 1993, p.5). The
South African labour market is increasingly demanding
workers with the necessary literacy skills. This includes
being computer literate. It is evident from international
trends that skills related to computer technology are
increasingly being included in core curricula (Department of
National Education, 1992).

Implementing Computers in Education:
Success Factors

It seems likely that the government elected in April 1994
will answer yes to both the above questions. When and how
can only be answered by gazing into a crystal ball at this
stage! According to Moiloa and Perold (1993) “the
introduction of educational technology in South African
education will require, like everything else, a democraiic
approach underpinned by the principle of equity” (p. 22).
Nevertheless, the following critical success factors for
educational computing initiatives in general, and computers-
in-education specifically, can be identified and should be
addressed by the new govermnment.

Political Influence

Politics, education, and the political influence on
education are always inextricabily intertwined. This is even
more so the case in the atmosphere of lioeration currently
being experienced in a South Africa in transition. A
legitimate and politically validated education policy is
crucial for South Africa’s progress towards an education
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system in which all students enjoy equal educational
opportunities and a quality education. If political influence
is exerted by means of destructive strategies (i.e.,
overemphasising the socio-economic factors for political
gain) the continued availability of educational opportunities,
not to mention quality education, may be undermined.

Economic Growth

Every attempt should be made to increase South
Africa’s poor rate of economic growth, to raise the standard
of living of its inhabitants, and to make more money
available for education. As the Minister of National
Education indicated, South Africa would only have a chance
of financing an education system which provided nine years
of compulsory education if there was a growth rate of at
least three percent in GDP and if six percent of GDP went to
education (E.P. Herald, 1993). Without a stronger and
stable domestic economy to employ school leavers and
other learners, the long-term benefits of education for all
will be severely constrained (Centre for Science Develop-
ment, 1993).

Planning

A sound national computer integration policy must be
formulated in consultation with all interested parties and the
broader community (the stakeholders). This implies top-
down planning from the macro to the micro levels, guided
and directed by the broad goals of a central education
strategy.

Establish Private Sector interest In Education

If it is expected that a national education strategy should
support a central economic strategy (i.e., full employment),
and taking into consideration the demands for a market
onented education strategy, it goes without saying that the
private sector should establish a substantial interest in
education. Local and international investments in educa-
tional initiatives should be encouraged, including comput-
ers-in-education. In addition, coordination must be
centralised. The involvement of the private sector is the
only obvious way, from a financial stand point, to make an
information technology policy in education practical.

Prioritiso Teacher Education

Educational computing training should be included as
one of the minimum criteria requirements for teacher
education on a national basis. Educationally-oriented
computer literacy training programs must also be developed
for all practicing teachers. Empowering teachers to apply
computers in administration, materials preparation and
production, assessment, and teaching support are likely to
improve their efficiency and productivity (Moiloa and
Perold, 1993).

Maximum Computer Literacy For The Population
If the road to success in education lies in technology it is
essential that computer literacy be established at all levels of
the community. One solution would be the creation of
“Community Learning Centres”, staffed by specially trained
personnel, that would offer access to computer facilities to
the broad community. Accredited ceruficate and/or diploma
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courses in information technology or basic computer
literacy at school level should also be offered at schools and
tertiary instituiions where the necessary hardware. software.
and expertise are available. This will provide an opportu-
nity for all students to obtain a qualification that would
make them more employable upon leaving school.

Utilise Existing Projects, Initiatives, and Skills

Currently successful computers-in-schools projects, out-
reach programmes, and other initiatives by tertiary institu-
tions should be supported in order to keep the momentum
going. In addition, these initiatives must be extended to as
many Black schools as possible. The critical lack of
appropriate computer-assisted leamning (CAL) courseware,
specifically designed for South African requirements,
should be dealt with at central government level. Existing
development and expertise in this field, as well as the
distribution of CAL software, should be coordinated under
the guidance of a national “software clearing house™
functioning under the auspices of the National Education
Department.

Employ Information Technology as a Facilitator
in Education Processes

Financial and resource limitations in South Africa
necessitate provision for learning outside conventional,
formal classroom contexts. Independent study is an
important element of a future education system and
information technology can facilitate this. In this regard, the
following modes should be used (Mehi, 1990: Lippert &
Knoewze, 1991; Mills, 1991, McGregor & McGregor, 1992):
(a) interactive computer-assisted learning, (b) distance
education, and (c) smail-group and cooperative learning
processes.

Conclusion

There are a vast number of needs competing for pnonty
in South Africa. The atternpt to redress decades of inequal-
ity will involve a massive input of money, innovative effort.
and time. Considering the current state of schools in many
areas, particularly rural areas, a large portion of funds
available will have to be spent on critical areas like build-
ings, other facilities, books, and salaries (Clark. Hosticka &
Rice, 1993). The responsibility for financing education
should be distributed in such a way that the State, local
authorities, unions, employers, NGOs (non-governmental
organisations), parents, and the local community all
contribute their share (Centre for Science Development.
1993).

There are extremely goud reasons for investing in
information technology applications in the field of educa-
tion. In addition, because information technology is
currently the only resource not influenced by inflauon. any
country, community, or organisation not maximizing the use
of information technology will suffer from an ever-
widening deficit in contrast with countries utilising it in a
directed manner. This is a situation that the *‘New’ South
Africa in general, and education 1 South Africa specifi-
cally, cannot afford.

1994
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In the past decade there has been an impressive growth
in the use of computers in schools all around the world, and
arapid increase in the need for teachers trained in the proper
use of information technology (Pelgrum & Plomp, 1991;
Saloman, 1989). Computer-related educational practices for
China, Japan, Thailand, and the "Inited States of America
(USA) are described in this paper, with a focus on existing
teacher training goals and needs in the four nations.
Comparisons are couched within a two-dimensional
framework: East versus West and “‘developed” versus
“developing” nation status.

Overview of Education Systems

The basic structures of the public education systems in
China, Japan, Thailand, and the USA are similar in that all
four nations offer 12 years of pre-university schooling
beginning at age six. As of 1993, all utilize computers in
education to some degree. There are also many differences
among the systems. China and Thailand require six years of
school attendance, while Japan requires 9 years. In the USA
states vary in their requirements from 8 to 12 years (The
World Book Encyclopedia, 1993). The educational systems
in China, Japan, and Thailand are centralized, while the
USA system is decentralized across S0 states.

Computer Diffusion Rates

Computers were rapidly introduced into all levels of
USA education during the 1980s. Ninety-five percent of all
elementary and secondary schools possessed at least one
computer by the fall of 1987 (Quality Education Data, 1989)
and diffusion rates had reached 100% by 1989 (Pelgrum &
Plomp, 1991).

In Japan, the introduction of computers into vocational
upper secondary schools was also quite rapid during the
1980s, but diffusion rates for elementary schools, lower
secondary schools, and non-vocational upper secondary
schools were much lower than in the USA during the same
time frame (Knezek, Miyashita, Sakamoto, 1990;
Monbusho. 1989 ). As of 1992 nearly 100% of the Upper
Secondary schools, 94% of the Lower Secondary schools,
and 58% of the elementary schools had computers
(Monbusho, 1992).

Diffusion rates for China were similar in form to, but
lagged behind, Japan. Approximately 27% of the secondary
schools in China had computers in 1985, with this figure
rising to 61% by 1989 (Pelgrum & Plomp, 1991). Accord-
ing to statistics released by the State Education Commis-
sion, there were a total of 10,000 computer-using schools by
1992,

In Thailand, only 30% of the teachers surveyed in 1991
worked in schools which had computers (Loipha, 1992).
Eighteen percent of the schools possessed 1 to 10 computers
and 12% possessed more than 10 machines. Seventy-five
percent of the 527 elementary and secondary school
teachers responding had never used computers in classroom
activities. By 1993, however, most secondary schools
offered an elective informatics course and possessed a
laboratory of computers to support these activities.

14 — Technology and Teacher Education Annual — 1994

ERIC

IToxt Provided by ERI

28




National Initiotives for Computer
Education

USA

Nineteen eighty-two was the year many schools in the
USA began using computers (Pelgrum & Plomp, 1991).
During the decade of the 1980s many individual states
adopted elementary and secondary curricular requirements
for computers and established teacher training programs. In
1990 the Accreditation Committee of the International
Society for Technology in Education (ISTE) began formu-
lating universal guidelines in the area of information
technology for submission to the US National Council for
Accreditation of Teacher Education (ISTE Accreditation
Commitiee, 1991). Proposed ISTE recommendations
include competencies for teachers in four areas: (a)
foundations for al} teachers, (b} computer/technology
literacy for teachers of computer literacy, (c) educational
computing and technology specialty for computer coordina-
tors and other technology leaders, and (d) computer science
education for teachers of computer science in secondary
schools. These standards will apply to all programs which
lead to a degree or an endorsement (training certificate).
Because a large number of existing teachers in the USA are
pursuing higher degrees or endorsements in information
technology while they are teaching in another field, the
standards will commonly apply to in-service as well as pre-
service training. Traditional short-course in-service training
is coordinated by each state’s education agency and is not
likely to be formulated into a national curriculum in the
near future.

Japan

Many schools in Japan first began using computers in
1985 (Pelgrum & Plomp, 1991). A New Course of Study
which extensively revised elementary, lower secondary, and
upper secondary curricula with respect to intemationaliza-
tion, the information revolution, and individualization was
announced in 1989. A major revision in the Teacher
Certification Law also took place, which introduced a new,
required course on Educational Methodology and Technol-
ogy for all teacher trainees entering the university beginning
April, 1990. This course includes skills in three areas:
practical instruction competencies, instructional media
utilization, and information utilization (Arizono, Ikuta,
Inoue, Nanbu, & White, 1990).

Since only a small percentage of new teachers enter the
workforce in Japan each year, most computer-using teachers
are receiving their training through in-service programs
(Sakamoto & Stern, 1988). Part 1 of the Basic Course for
in-service training, adopted in June, 1990, includes the
general overview for enhancing fundamental knowledge
and skills in each medium and the knowledge required for
the classroom application of six different types of media:
slide, overhead projector, broadcast, video, film, and the
computer. Part 2 of the Basic Course is related to the
knowledge and skills necessary for teacher training. Since
1990, Part 1 of the new Basic Course has been required for
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all teachers and leaders in educational institutions, while
Part 2 is designed for the leaders in prefectures and big
cities. A detailed description of the content for these and
other courses is available in Sakamoto and Knezek (1991).

China

The Chinese Government in 1982 began its first
attempts at offering computer lessons at five secondary
schools in Beijing, and many schools in China began using
computers by the end of 1986 (Pelgrum & Plomp, 1991).
Early in 1983, the Ministry of Education called for a
National Computer Education Conference to create an
outline of a teaching program for computer education in the
secondary schools. It focused on computer principles and
programming in BASIC. Later, in 1986, use of computer
application software was added to the main outline. In 1987
the National Research Centre of Computer Education for
Primary and Secondary Schools was set up under the Basic
Education Department . In 1991 the Centre adopted and
published the Instruction of the Computer Course for
Primary and Secondary Schools, making it an independent
course for students. In 1992, the State Education Commis-
sion set up the Leading Group for Computer Education in
Primary and Secondary Schools to administer and supervise
primary and secondary computer lessons. The Evaluation
Committee for Computer Education Software was also
formed in 1992 under the leadership of the State Education
Comumnission.

With respect to the training of teachers and administra-
tors the State Education Commission has made special
efforts to gradually open up in normal colleges and universi-
tics, departments and specialties to offer a course on
computer science and to enroll graduate students into
special lines of study so that afterward they can take CAl
and CMI-related work as life careers. Nevertheless, the two
main impediments to more rapid introduction and utilization
of computers in Chinese education continue to be the lack of
technology-literate teachers and the shortage of other
qualified personnel.

Thaiiand

Although computer instruction has taken place in
Thailand for the past 20 years (United Nations Educational,
Scientific, and Cultural Organization [UNESCO], 1985),
most use of computers in education came after the advent of
microcomputers. In 1983 some secondary schools in
Thailand acquired microcomputers and began offering
elective courses. In 1985 the Ministry of Education
implemented a computer curriculum for the upper second-
ary school level throughout the country. The Institute for
the Promotion of Teaching of Science and Technology in
Thailand initiated a pilot project in 1987 to encourage the
integration of computers in teaching mathematics and
physics at the upper secondary level. As of 1990, 15
universities and 36 teacher’s colleges in Thailand provide
computer courses for both graduate and undergraduate
students. Thailand as a whole, however, is not far advanced
in its use of computers in the school system.
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Trans-National Trends

Education Systems

With respect to national systems of education, the
previously mentioned division along centralized versus
decentralized lines is believed to be largely an East versus
West distinction, or, at least an American versus “world
norm” distinction (most European nations also have
centralized education systems). The differences in required
levels of school attendance are believed to be the result of
“developed” versus “‘developing” nation status.

Computer Access

There are great discrepancies in the avaiiability of
computers among these four nations. Almost all USA
students now have access to computers. Most Japanese
students also have computer access. Many secondary
school students in China and Thailand have compurer
access, but most Thai elementary students do not. However,
the pattern for introducing computers into pre-university
education is similar for the four nations, in that high schools
received computers first, followed by junior high (lower
secondary) schools, followed by elementary schools.

The similarities in the “high school first” national
diffusion patterns are believed to be primarily due to more
focused curricular offerings at this level, software availabil-
ity, and the existence of teachers willing and able to work
with computers. The discrepancies for computer access are
believed 10 be the result of both “developed” versus
“developing” status, in the case of overall trends, and the
Eastern tendency for contemplative consensus planning
versus the Western tendency for trial-and-error individual
initiatives. The latter accounts for the slower diffusion pace
in Japan compared to the USA.

Instructional Purposes for Computers

In the 1991 survey of application types for Thailand,
drill and practice was used most often (25% of teachers
responding) followed by tutorials (16%) and problem-
solving (10%). Simulations were least used (5%) (Loipha,
1992). This high utilization of drill & practice and low
utilization of simulations is consistent with findings by
Pelgrum and Plomp (1991) across 18 other nations,
including China, Japan, and the USA.

The content areas in which computer use has been
emphasized are also generally consistent across the four
nations. For example, in 1985-86 roughly 75% of the use of
software i American schools was for math, science, mother
tongue, or infermatics (Becker, 1985; Smith, 1986). For
Japanese schools in 1988, approximately 80% of the use
was for math, informatics, science, or mother tongue
(Monbusho, 1989). Among Thai teachers in 1991, the
large percentage used computers in connection with
mathematics, science, and informatics (Loipha, 1992).

Differences among nations lie in emphasis, as evidenced
by the great variations in the extent of 1989 computer use
in secondary schools for subjects such as informatics
(China, 92%; USA, 90%; and Japan 50%) or mother tongue
(USA, 57%; Japan, 13%; and China, 2%) (Pelgrum &

Plomp, 1991, p. 9). This may be partially due to the
“universal language” nature of subjects such as math and
science, which makes software adaptability and transport-
ability straightfo.ward. Conversely, the “non-universal
language” nature of mother tongue software certainly must
retard international development and diffusion of quality
programs.

Teacher interest in Technology-Enhanced
Instruction

USA teachers’ attitudes toward computers have slowly
improved over the past 15 years. In 1976, 55% thought the
computer was dehumanizing and had attitudes less positive
than the geueral public . In 1980, most supported the
concept of computer literacy, 40% still felt anxious just
talking about computers, and 90% judged themselves
incompetent to teach with or about computers. By 1987, on
the other hand, teachers were generally enthusiastic and felt
the benefits outweighed their anxieties (Dupagne & Krendl,
1992).

A similar but more rapid evolution appears to have
taken place in Japan (Arizono et al., 1990; Knezek et al,,
1990). Many Japanese teachers initially ;aw the computer
as an aid for student mastery of new knowledge and a way
to help slow learners (Sakamoto & Stern, 1983). Neverthe-
less, by 1989, the major barriers to the wider use of comput-
ers for instruction listed by educators in Japan, China, the
USA, and 15 other nations were: (a) shortage of hardware,
{b) shortage of software, (c) insufficient teacher training,
and (d) insufficient time for teachers to prepare to use
computers in their lessons (Pelgrum & Plomp, 1991). Only
1.3% of the Thai teachers surveyed in 1991 were “not very
interested” in receiving formal training about computer use
(Loipha, 1992). Opposition by teachers no longer seems to
be a barrier to wider computer use.

Approaches to Teacher Training

Across the four nations studied, approaches to teacher
training for information technology appear to fall into two
categories: (a) short term, specific skill training, which is
commonly associated with in-service training programs; and
(b) long term professional career development, which
normally involves credit-bearing coursework which may
lead to a graduate degree. The former approach is common
in Japan and Thailand, while the latter is common in the
USA (Loipha, 1992; Sakamoto & Knezek, 1991}. For
example, in Japan during the four years spanning 1988 to
1992, all sixteen thousand lower secondary technology
education teachers received 10 days of in-service prepara-
tion for teaching Fundamentals of Informatics in the new
national standard course of study (Murata & Stern, 1993).
In Northeastern Thailand, Loipha (1992) found that 60% of
the elementary and secondary teachers in schools with
computers had received formal in-service training. In
general, each of the four nations employs some short-term
and some long-term training, with differing degrees of
emphasis.

Potential Future Problems
Two kinds of problems are so pervasive among the
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nations studied that they are not likely to be resolved in the
near future. These problems are: (a) poor dissemination of
pedagogical techniques for integrating computers into
education; and (b) continuing shortages of hardware,
software, and computing-competent teachers. A third
problem, low use by teachers who have resources and have
received training, is also known to exist in the USA and
may soon emerge in other nations.

One reason for the scarcity of pedagogical techniques in
training programs may be the shortage of computer
experience among professional teacher educators.
Lomerson (1992) concluded after reviewing the existing
literature in the USA that “the proportion of computer
literate higher education faculty is quite small” (p. 5) and
“there is little, if any mandate or incentive beyond personal
inquisitiveness for existing faculty to achieve even this
minimum level of technological literacy” (p. 5). In Thailand,
which has an extensive system of teacher’s colleges,
Cheamnakarin (1992/1993) surveyed 204 faculty members
at 30 campuses and found neither age, gender, extent of
prior computer experience, nor number of computer training
workshops attended affected teacher-training facuity’s
perceptions of the importance of computers in education.
Apparently many teacher-training faculty do not necessarily
model, nor do they particularly wish to model, computer-
enhanced pedagogical techniques with their students who
are destined to become teachers and teacher-trainers. Itis,
therefore, not surprising that training is lacking in this area.

Current low-usage trends in the USA may foreshadow
similar difficulties in other parts of the world. Although
Pelgrum and Plomp (1991) found that in the USA there has
been “a steady (although slow) increase in the number of
teachers using computers over years” (p.13), others have
questioned how much teacher training is actually putto
good use. For example, in a USA survey on the use of
computers in fifth through ninth grade classrooms, Dickey
and Kherlopian (1987) found that 70% of the teachers had
access to computers, but a large percentage with computer
access reported they did not use them. Schug (1988) found
that only about 18% of a sample of high school social
studies teachers surveyed actually used computers
instructionally, even though almost 50% had received basic
training in the use of computers and expressed positive
attitudes toward the use of computers in the future. In a
statewide training program for teachers, Stieglitz and Costa
(1988) found that only about one-half of the 1,000 partici-
pants surveyed actually used computers in class after their
in-service training. This was in spite of the fact that 89%
felt computers had substantial benefits for students.
Apparently even the combination of readily available
resources, positive teacher attitudes, and formalized teacher
training still does not necessarily lead to high levels of
computer use in schools. Further research is needed to
determine what other barriers remain.
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The microcomputer as a new technology has been
widely used in education. The number of computers in use
in schools has increased at an unprecedented rate. Wright
(1984), for example, reported that in 1982, 38% of schools
in the United States of America (U. S.) had computers, but
in 1988, 91% of schools had computers (Ordovensky,
1989). By the end of the 1980s the number of microcom-
puters in use in schools of U.S. was estimated to be 2.4
million (Becker, 1990).

Education in Taiwan has also been influenced by the
increasing use of technology. Computer education in
Taiwan started with the development of Computer Assisted
Instruction (CAI). From 1976 to 1983 CAl had mainly
been developed in some universities. After that, the
development of CAI was extended to middle schools,
elementary schools, and some training institutions. The
types of computers used for CAI ranged from mainframe
computers to microcomputers (Wu, 1992). The number of
CAI courseware developed by either public research
institutes or private commercial parties is more than three
thousand so far.

Along with the increasing use of computers in education
and society, most colleges and universities in Taiwan have
also offered some introductory computer courses as
prercquisites. In general, the content of these courses
contains the basic concept and operation of computers as
well as software. Some instructors may include the
introduction of programming languages in their courses as
well.

While microcomputers have been increasingly used in
schools, students’ and teachers’ attitudes toward them need
to be studied. Studies have identified significant relation-
ships between computer attitudes and computer literacy
among college students (Dambrot, Watkins-Malek, Silling,
Marshall, & Garver, 1985; Marcoulides, 1988; Wiggins,
1984). Clement (1981) reported that, in general, students’
attitudes toward computer-based courses have been found to
be positive among students in junior high schools, high
schools, community colleges, and colleges. Positive
attitudes increase the prospect for achievement in any
academic endeavor, whereas negative attitudes make
achievement of competence less likely (Loyd & Gressard,
1984).

The major purpose of the present study was to examine
the effects of types of colleges, gender, and prior computer
experiences on computer attitudes for college students in
Taiwan. More specifically, this study attempted to examine
the effects of (a) types of colleges (i.e., management college
and teacher college), (b) gender, and (c) prior computer
experience (i.e., less than 3 months, 3-6 months, 6-24
months, and more than 2 years) on computer attitudes.

Method

Subjects

The subjects who participated in the present study weic
918 students from two colleges in Taipei, Taiwan. The first
college was a private management college. A total of 615
subjects participated in the present study and were selected
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from 7 different departments of this college. The remaining
303 subjects were from a national teacher college with a
major educational goal of preparing elementary school
teachers. These students were also selected from different
departments. The students selected at each department
represented a broad spectrum of backgrounds and academic
interests. Six hundred fifty-seven or about 72% of the
subjects were female while 261 or about 28% of the subjects
were male.

Instrument

The instrument used in the present study was a Chinese
version of Computer Attitude Scale (CAS). The original
CAS was developed by Loyd and Gressard (1985) and was
designed to measure students’ attitudes toward computing.
The Scale consists of 30 Likert-scale type questions for
three subscales: computer anxiety, computer confidence,
and computer liking. Each subscale consists of ten items
and presents positively and negatively worded statements.
The scores from the three subscales are then added together
to produce a computer-attitude score. The Scale has been
found to be reliable and valid, and has been previously used
with students at varied school levels (Loyd & Gressard,

1984; Loyd & Gressard, 1986; Loyd & Loyd, 1988;
Massoud, 1990, 1991). The Chinese version CAS was a
translation of the original CAS. As a check for accuracy of
the translation, the Chinese version CAS has been reviewed
and verified by two English instructors from colleges.

Procedures

At the beginning of the Spring academic semester, 1992,
all 918 subjects completed the 30-item Chinese version
CAS. The data were collected and coded. A2x2x4
analysis of variance (ANOVA) was used to investigate if
there were any statistically significant differences on
students’ attitude toward computers: (a) between colleges
(i.e., the management college and the teacher college); (b)
between gender; (c) among students who had different level
of prior computer experience (i.e., less than 3 months, 3-6
months, 6 -24 months, and more than 2 years); and (d) the
interactions among these factors (i.e., colleges, genders, and
prior computer experience).

Results

Major three-factor ANOVA
Table 1 summarizes mean scores for the three-way

Table 1
Summary of Computer Attitude Mean Scores
Subscale/ Teacher College Management College
Computer
Experience Male Female Male Female
Anxiety
0-3 Months 26.70 25.92 27.48 25.78
(57» (49) (25) (49)
3.6 Months 26.78 25.83 26.88 26.17
(46) 4n (8) (107)
6-24 Months 28.19 26.97 2744 27.44
@n (50) (55) - (112)
2 Years+ 33.06 26.91 3204 27.26
(16) (11) @7 (232)
Confidence
0-3 Months 27.21 25.51 28.28 24 .84
3-6 Months 26.26 2521 27.00 25.38
6-24 Months 27.89 26.34 27.27 26.49
2 Years+ 32.13 27.46 30.22 26.99
Liking
0-3 Months 27.75 26.53 28.60 26.59
3-6 Months 26.41 25.85 2525 26.92
6-24 Months 26.78 26.36 2691 27.98
2 Years+ 28.81 26.64 31.04 26.38
Total
0-3 Months 81.67 78.00 84.36 77.20
3-6 Months 79.46 76.89 79.13 78.47
6-24 Months 82.85 79.66 81.62 8191
2 Years+ 94.00 81.00 93.30 80.62

Note.* The possible maximum score for each scale is 40.

» The number of subjects is presented in parenthesis.

¢ 2 years+ indicates more than 2 years.
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analysis of variance. Overall, participants’ scores ranged
from 25 (63%) to 33 (83%), out of the maximum score of
40, on each subscale, and from 76 (63%) to 94 (78%), out of
120, on total.

A summary of the three-way ANOVA is presented in
Table 2. Results indicate that there were significant main
effects (a) between gender on anxiety, confidence, liking,
and total score; and (b) among prior computer experience on
anxiety, confidence, liking, and total score. Significant
interactions between gender and computer experience were
also found on anxiety, confidence, liking, and total score.
No other main effects and interactions were found.

Gender

A follow-up analysis was performed for gender. Results
are presented in Table 3 and show that male students scored
significantly higher than female students on all 3 subscales:

anxiety, confidence, and liking, as well as total score.

Computer experience

For computer experience a follow-up analysis was
employed. Table 4 summarizes data for the ANOVA on
computer experience. Results indicate that significant
differences were found among students with varied prior
computer experience on anxiety, confidence, and total score.
No significant difference was found on liking. For anxiety.
the post hoc (Fisher’s Protected LSD) test showed that
students with prior computer experience of 0-3 months or 3-
6 months scored significantly lower than students with prior
computer experience of 6-24 months or more than 2 years.
No significant differences were found between students
with experience of 0-3 and 3-6 months, and between 6-24
months and more than 2 years.

The post hoc test for the subscale confidence showed

Table 2
Summary of the Three-Factor-ANOVA (College x Gender x Length of Experience)
Anxiety Confidence Liking Total Score

Source of
Variation daf MS F MS F MS F MS F
Coliege(A) 1 .03 .001 445 27 3692 1.96 1703 .13
Gender(B) 1 47924 21.0]1%** 584.43 35.56%** 12454 6.61* 3274.83 24.45%**
Length of
Experience (C)3 236.59 10.37**« 179.72 10.94*%** 67.65 3.59*% 1249.18 9.33%**
AXB 3 6.69 29 04 .002 .36 .02 8.92 07
AXC 3 2.74 12 1164 .71 5.67 .30 1027 .08
BXC 3 123.96 5.44** 4447 271* 89.86 4.77** 697.39 S5.21**
AXBXC 3 1029 45 1701 1.04 29.87 158 9294 69
Error 902 22.81 1644 18.85 133.94
*p< .05 **p< .01 ***p < .001

Table 3

summary of Mean, Standard Deviation, and ANOVA on Gender

Male (N =261) Female (N = 657)

Variable Mean SD Mean SD F
Anxiety 2805 5.41 26.77 4.67 12.72%%*
Confidence 2784 4.16 2621 4.16 28.70%**
Liking 2765 4.20 26.73 4.49 8.09**
Total 83.53 12.13 7971 1171 19.50***
**p<‘01 ***p<‘m1
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that students with prior computer experience of more than 2
years scored significantly higher than students with prior
computer experience of 0-3, 3-6 or 6-24 months. Also,
students with prior computer experience of 6-24 months
scored significantly higher than those with 3-6 months. No
significant differences were found between students with
experience of 0-3 and 3-6 months, and between 0-3 and 6-
24 months.

For total scores, the post hoc test showed that students
with prior computer experience of 3-6 months scored
significantly lower than students with prior computer
experience of 6-24 months or more than 2 years. Students
with prior computer experience of more than 2 years also
scored significantly higher than those of 0-3 months. No
significant differences were observed between students with
expetience of 0-3 and 3-6 months, 0-3 and 6-24 months, and
between 6-24 months and more than 2 years.

Interactions

Results of follow-up analyses for the interaction of
gender and computer experience are as following: (a) Male
students with 0-3 months computer experiences scored
significantly higher than females students who had com-
puter experiences of 0-3 or 3-6 months on confidence and
total score. (b) Male students with 0-3 months computer
experiences also scored significantly higher on liking than
male students with 3-6 months or female students with more
than 2 years computer experiences. (c) Male students” who
had 6-24 months of computer experiences scored signifi-
cantly higher than female students with 0-3 or 3-6 months of
computer experiences on confidence and total score. (d)
Male students who had more than 2 years of computer
experienc= scored significantly higher than male students
with computer experiences of 0-3, 3-6, or 6-24 months and
all female students on anxiety, confidence, liking and total
score. (e) Female students who had computer experiences
of 6-24 months or more than 2 years scored significantly
higher than female students with 0-3 or 3-6 months of
computer experiences on anxiety, confidence, and total

score.

Discussion

The study attempted to examine two related questions:
(a) whether coliege students in Taiwan have positive or
negative attitudes toward computers; and (b) whether
factors such as different type of college, gender, an2 pricr
computer experience will influence college students’
attitudes toward computers.

For the first question, the overall attitude score of 25
(63%) 10 33 (83%) out of the maximum score of 40 on each
subscales, and 76 (63%) to 94%(78%) on total score
indicated that, in general, college students in Taiwan had
slight to moderate positive attitudes toward computers. The
findings were consistent with Clement’s (1981) study in
which the author reported that students’ attitudes toward
computer-based courses have been found to be positive
among students in junior high schools, high schools,
comrmunity colleges, and colleges.

For the second question the results of the present study
show that , first, college differences in students’ attitudes
toward computers do not exist in Taiwan. There was no
significant difference between students at the management
college and the teacher college on attitudes toward comput-
ers which indicated that students in different colleges and
with divergent academic majors and interests did not
develop dissimilar computer anxiety, confidence, and liking.
A previous study conducted by Liu, Reed, and Phillips
(1992) found that students majoring in math education and
science education consistently felt less anxiety toward
computers than did those majoring in English education,
elementary education, special education, social studies .
education, and physical education. The findings of the
present study, then, appear to be somewhat surprising.

Second, the findings of the study show that there were
gender differences in students’ attitudes toward computers
among college students in Taiwan. The findings total
indicate that, in general, male college students in Taiwan
had lower anxiety, higher confidence, and more liking

Table 4
Summary of Mean, Standard Deviation, and ANOVA on Computer Experience
0-3 Months 3-6 Months 6-12 Months 2 Years+?
(N=180) (N=208) (N =244) (N =286)
Variable Mean SD Mean SD Mean SD Mean SD F
Anxiety 2634 4.73 2626 4.16 2742 478 28.02 548 7.28***
Confidence 2626 4.03 2560 341 26.79 4.18 27.60 4.68 9.97***
Liking 2722 413 26.50 3.35 2728 4.26 2696 5.32 1.36
Total 7983 1129 7836 9.15 8149 1154 8258 1402 5.77%%*

Note.* 2 years+ indicates more than 2 years.
*** pe 001
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toward computers than female college students. Although
previous studies have reported a conflicting result on
gender difference in computer attitudes, a study conducted
by Collis and Williams (1987) specifically used Chinese
students as subjects and found there were few gender
differences on computer attitudes among Chinese students.
However, the results of the present study are in the opposite
direction of their findings. A possible explanation for this is
that students in Taiwan are strongly affected by society's
reinforcement of sexual stereotypes. Most people in Taiwan
view technology/science types of majors in colleges (e.g.,
electronic engineering, physics, chemistry) as a male
domain while literature/art types of majors (e.g., Chinese
literature, English literature, and arts) are veiwed as a
ferale domain. Students may be influenced subconsciously
by this society’s reinforcement of sexual stereotypes while
they are choosing their majors in colleges. Asaresult, a
typical phenomenon in a comprehensive university in
Taiwan is that more male students enroll in technology/
science departments than females. It is the opposite in
literature/art departments. This cultural bias may, therefore,
result in gender differences in attitudes toward computers
when the computer has been viewed as a type of technol-
ogy.
Third, the results of the present study show that college
students in Taiwan with different computer experiences do
exhibit divergent attitudes toward computers. The findings
indicate that students who have used computers for less than
6 months may have higher computer anxiety than students
who have used computers for longer than 6 months. For
computer confidence, the results of the study show that
students with more than 2 years of computer experiences
had significantly higher computer confidence than students
with computer experiences of less than two year. Also,
students with prior computer experience of 6-24 months
scored significantly higher than those with 3-6 months
experience. These findings indicate that students who have
computer experiences longer than 6 months may develop
higher confidence toward using computers. Accordingly, in
order to increase college students’ attitudes toward comput-
ers (i.e., reduce students’ anxiety or acquire higher confi-
dence) a teacher in computer education may want to
consider extending computer courses for at least 6 months.

Finally, significant interactions between gender and
computer experience also suggest some interesting trends in
research on computer attitudes. First, male students’
attitudes toward computers seemed not to change too much
during the first two years of using computers, but when they
had more than 2 years of computer experiences, their
positive attitudes toward computers increased dramatically.
Furthermore, female students seem to increase their positive
attitudes toward computers substantially after 6 months of
using computers. Moreover, male students seemed to
develop more confidence and liking toward computers than
female students even in a short period of time of 0-3
months.

Conclusion
As the important role of computers in the information
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age has been commonly understood, it is reasonable to
predict that a student may need to show his/her computer
knowledge and skills as an essential ability in order to
obtain a job in the future society. To prepare students with
this required ability, a college education should provide not
only a sufficient technological environment for students but
also effective instructional approaches that can ensure
students learn necessary computer knowledge and skills.
Since previous studies have identified significant relation-
ships between computer attitudes and computer achieve-
ment (Dambrot et al., 1985; Marcoulides, 1988; Wiggins,
1984), there is reason to believe that increasing students’
positive attitudes toward computers may help students in the
learning process. Consequently, the results from this study
provide some useful information to teachers and curriculum
designers in computer education.
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Math Literacy for Women:
A Focus on Gender Issues,
Problem-Solving and
Technology
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The vision of the National Council of Teachers of
Mathematics (NCTM) Curriculum and Evaluation Stan-
dards for School Mathematics (1989) focuses on the need
for a mathematically literate population in the new techno-
logical age. Mathematical literacy in this “Information
Age” encompasses the ability to problem-solve, to reason,
and to communicate with others and with technology.

Mathematical power for all is a primary goal of the
NCTM Curriculum and Evaluation Standards (1989); this
includes all under-represented groups in our society. One of
these groups, females, now makes up a majority of the
population, but holds less than 15% of professional jobs
which require a college degiee and involve mathematics,
science, and computers. As education beyond the under-
graduate level in mathenatics, science and computers is
pursued, the number of women represented decreases
dramatically. As an example, engineering awarded 15.3%
of its bachelors degrees, 13.6% of its masters degrees, and
only 8% of its doctoral degrees to women (U.S. Department
of Labor, 1990).

The “Women in Mathematics” Project

The “Increasing Roles for Women in Mathematics
Project” funded by the Dwight D. Eisenhower Education
Program sprang out of a need for increased awareness of
and concern about gender issues involved with mathematics
and technology in teacher education. In the spring of 1993,
twenty teacher participants were chosen to participate in a
summer workshop. The teachers were chosen in pairs from
various public and private schools within a 60 mile radius of
the University of Wisconsin - Stevens Point campus.
Teachers were chosen in pairs to provide collegial support
and the likelihood of becoming change agents in their
schools when they returned with new attitudes, concepts,
and methods for teaching. Both male and female teacher-
participants were included in the group of teachers; they
represented classrooms from grades 3 through 8.

The project personnel included three college teachers
and one middle-school teacher with each having expertise in
one or more of the following areas: mathematics, math-
ematics education, technology, and gender issues. The
project personnel spent one week planning activities based
on two goals: developing an awareness of gender issues
that relate 1o mathematics and teaching and developing
higher order thinking skills in mathematics and problem
solving using computer technology and manipulatives with
female students. During the second week of the project,
teacher participants worked with project personnel reading
and discussing the literature on gender issues in mathemat-
ics, developing activities using the NCTM Curriculum and
Evaluation Standards (1989), and using Lego Logo for the
female students that incorporated higher-order thinking
skills by using manipulatives and technology. Time was
allotted for teachers to explore and familiarize themselves
with the Lego Logo materials and to share ideas related to
discussions of gender issues.

During the next twe weeks of the project, 44 female
students from grades 3 through 8 joined the workshop.
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Each day of this 2 week period, the teachers had one hour
for preparation and for the sharing and discussion of ideas
and projects they planned to implement with their students.
During the next 2 hours the girls joined the workshop. The
girls were organized in groups of four with two teachers
responsible for each group. Teacher-developed activities
were used with the girls; the focus was on problem-solving
with Lego Logo projects. Emphasis was placed on develop-
i’ ; nigher-order thinking skills by developing questioning
techniques to elicit reasoning processes. “How” and “why”
questions became the focus of discussions rather than the
traditional mathematics question, *What is the answer?”
Following the 2 hour period with students, the teachers and
project personnel spent the last hour reflecting on the
activities with their students and exchanging ideas and
suggestions for improvements and modifications in both
projects and student-teacher interactions.

During the final week of the workshop the only female
engineer in Stevens Point (a city of 40,000) was invited to
speak to the students about her occupation and the academic
preparation necessary for her profession. On the day before
her presentation, the girls were asked to draw a picture of an

-engineer. One-half the drawings were of train engineers;
the rest were male representatives with only 2 of the 44 girls
drawing female engineers. The guest speaker spent a day
with the students, describing her role as an engineer, and
relating their problem-solving activities to real-life problem
solving activities in her profession. From student and parent
questionnaire responses, it was shown that this visit by the
engineer was a stimulating experience and brought about
discussions of engineering as a possible career choice for
the students.

Parents were invited to join the workshop at any time.
For the last day of the workshop, a special invitation was
extended to parents and friends to join our workshop. A
large group of visitors came to see the projects their
daughters had designed, built, and programmed. The focus
was on problems they had solved and activities they had
accomplished. Both parents and students were extremely
proud of the students’ accomplishments.

Causes of the Gender Gap

The main causes of the gender gap in mathematics and
computers are subtle and pervasive. The message from
many cifferent sources is that mathematics and computers
are for boys. The study of mathematics and computers is
often seen as having practical value for boys but not fer
girls. Boys and girls begin their educational careers with
similar excitement about mathematics and computers and
similar success, but in the grades seven through nine these
arcas become more frequently classified as male domains
(Dossey, Mullis, Lindquist, & Chambers, 1988).

Sex biases happen in the subtle incidents that occur in
education. Educators frequently do not believe that gender
biases exist in today’s classrooms. As onc teacher in our
warkshop stated, “that was truc twenty years ago, but not
today.” This led to a lively discussion led by eacher
participants in the workshop, reaffirming the fact that based
on their personal experiences, sex biases are still present in

educational practices in many ways.

Computers and mathematics have traditionally been
seen as a male domain. A computer is a machine, and girls
are not socialized to be comfortable with machines.
Computers have traditionally been associated with math-
ematics, and mathematics has not been defined as a female
subject. Many females in the past have been discouraged
from taking advanced mathematics courses since the
perception was that these are not needed for the traditional
role of the woman. This was especially true for many
mothers of today’s female students, and these mothers serve
as role models for their daughters.

Parents influence female students’ attitude , toward
mathematics and computers. Fathers and brechers are more
likely to use computers than mothers. Comruters and toys
that promote higher-order thinking skills are more often
purchased by parents for boys than for girls. Boys often
build things developing spatial reasoning, whereas girls are
more likely to role-play, play with dolls, and play with
domestic toys. These gende. -based stereotypes help
develop societal norms that are different for boys and girls.

Peer groups influence attitudes and expectations for
fernale students. Being interested in mathematics and
computers in the middle and high school is “uncool” and
people who are interested in mathematics and computers are
often classified as “nerds”. Females who have been
interested in and successful in mathematics will often hide
or downgpiay their interest or ability in mathematics and
compaters during these years.

Curiculum factors affect attitudes toward mathematics
and computers. Girls interpret success in mathematics to
hard work not high ability, whereas boys attribute their
success in mathematics to high ability. Teachers also make
similar assumptions about the reasons for success tn
mathematics (Fennema, Peterson, Carpenter, & Lubinski,
1990).

In using computers in a group situation, boys often
become the active and thoughtful participants; whereas,
girls are often relegated to the role of keyboarders. In our
workshop, the girls were actively involved in the design.
construction, and programming process. Feedback from
daily logs of the students indicated that being actively
involved in this process was motivating and challenging for
them. This involvement would have been lacking in the
boy/girl group situation. As one girl stated “without boys
you get to do more.”

Teacher decisions in the classroom also have been
shown to have unconscious, unintentional gender-biased
behavior patters. These behaviors include calling on boys
for interpretive responses and girls for factual ones and
giving behavior and work of boys more attention than that
of girls. Boys are encouraged to think divergently and are
praised for cognitive tasks, whereas, girls are given proce-
dural tasks and are given answers to questions and sojutions
to problems rather than help in redirecting their thinking
(Leder, 1992).

The media helps create gender biases by portraying
mathematics and computer related professions as male
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domains. Most pictures of scientists, mathematicians, and
computer scientists are of males, whereas keyboarders and
secretaries are portrayed as females.

Gender biases are subtle, but they are present in all
forms of society. There are norms and values for males and
females that have endured for centuries and still exist in
society today. An awareness of these issues developed
through knowledge of classroom practices, parental, and
societal influences may be one step in eliminating the subtle
messages that negatively affect female choices about careers
involving computers and mathematics.

Principles of the Workshop

1. Focus on small interactive groups of female students:
Female students work better in cooperative rather than
competitive groups (Fennema, 1990). Boys tend to
dominate group activities with computers and problem
solving. By using small cooperative groups of girls,
they become *'risk takers” and are able to experiment
without fear of ridicule from peers. As one of the female
students in our workshop commented in her log, “with
boys you might feel uncomfortable, they might think
you are wrong.”

2. Design problem-solving curriculum and activities
around areas that interest girls: In the workshop girls
spent one week developing projects that they had created
based on their interest. They constructed telephones, a
cookie factory, cars, a helicopter, a boat, amusement
rides, a baoy rocker, and houses with lights and music.
They designed, constructed, and programmed their
projects using their interests as a starting point. Many
students were surprised at the success they achieved, far
surpassing their own expectations for themselves. Pride
in ownership of ideas and projects was evident in their
discussions with parents, teachers, and in their daily
logs.

3. Develop questioning techniques that promote problem-
solving using higher-order thinking skills: By using a
design environment, planning and problem-solving are
connected to the constructions of real-life projects that
relate to the girl's interests and experiences. Using
computer programming to organize thought processes
leads to developing processes for problem-solving. By
using teacher questioning of student's thought processes,
the student is required to verbalize the processes
necessary to reach a final goal. This verbalization
process enhances the higher-order thinking skills
involved in problem solving (Lehrer, Randle, &
Sancilio, 1989).

The Project Conlinues

During the year following the project a club was
organized. The club includes the teachers and female
students who participated in the summer workshop. This
time is designated to discuss with the teachers and female
students changes that have occurred in their ¢lassrooms
which might affect female choices in the areas of mathemat-
ics and computers. The club will also be a time for the
female students to continue with projects, computer
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programming, and problem solving with Lego Logo.
Parents will be invited to visit the club at various times,
since parental interest and support can positively influence
female choices in educational pla:u ‘ng and careers in the
area of mathematics and computers.

Some teachers who participated in the project have
become change agents in their local schools. Eighty percent
of the schools which participated have instituted some
aspect of the workshop in their local schools. One teacher
who participated in the program received support from the
administration to conduct an in-service program for the
teachers in two of the area schools.

Parental support for the program, in the form of
individual monetary contribution, was received by school
districts involved. Presentations have been made by teacher
participants at Parent Teacher Organization (PTO) meetings
to get financial support for the technology needed for the
project. Support has been pledged by four PTOs to provide
financial backing for purchases of the technology. This
demonstrates positive parental and community suppon for
the program. Administrators have provided financial
support for in-service training and for supplies. Administra-
tors have already seen positive growth in their teacher
participants and see them as positive change agents in their
mathematics programs.
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As we move toward the 21st century one of the most

Integraﬂng Tech nology critical factors in education will be how to train teachers to

implement technology into the main stream of instruction

into the Curri culum: and provide equal access 1o a growing diverse population

that makes up the majority of students in today's public
1 schools. During the 1980s technology firmly rooted itself in
AdvanCIng Cu "u ro' the fabric of education. Ninety-nine percent of all public
Divers"'y schools in the United States now use some form of technol-
ogy. Although the vast majority of schools in the United
States have computers, the higher percentage of black
Sylvester E. RObertson  students in aschool the Jower the student-to-computer ratio
. . . . (Quality Education Data, 1989). In addition, inner-city
California State Unive rS”y' San school districts rarely have the skills or funds to maintain
Bernardino  their machines nor the training and social support to use
computers effectively (Piller, 1992). As literacy has come
to mean more than ability to read and write, a generation of
students, the majority who are minorities, are losing their
franchise on independence and a shot at the good life in the
information age (Hill, 1992). Teachers need substantial
training, support, and time to integrate technology into their
curricula (International Society for Technology in Educa-
tion, 1991). Technology in the hands of these well-trained
teachers is especially powerful when used with students of
diverse backgrounds.

Background

In 1988 the Office of Technology Assessment released a
report indicating that states are the key players in the use of
technology in education (Miller, 1988). It also revealed that
technology cannot be fully effective unless teachers
received training and support. Prior to The Nation at Risk
Task Force Report, many teachers did not understand how
to exploit technology as a teaching tool (United States
National Commission on Excellence in Education, 1983).
Technology will not transform education to meet the needs
of society if teachers do not learn to use it as both an
instructional and management tool. The Nation at Risk
Report recommended that state agencies support higher
educational institutions by assisting them in redesigning
their educational programs to include the effective use of
technology.

Because the student populations in most public schools
are becoming very diverse, the current and future teaching
population will have to be equipped with information and
tools that reflect a positive relationship with cultural
diversity. Using culturally diverse materials in teacher
training programs is one way to bridge the gap between
students and teachers through the use of technology.

Technology Courses For Pre-Service/In-
Service Teachers

In the state of California individuals seeking a perma-
nent teaching credential are required to complete
coursework which demonstrates their competence in the use
of technology within the classroom. At California State
University, San Bernardino, this coursework comprises two
courses totaling 6 units of credit. The first course concen-
trates on access to and control of computer-based technolo-
gies through the use of an integrated software package
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(ClarisWorks). Students are taught how to use word-
processing, spreadsheet, databases, and mail merge
functions as they relate to classroom instruction and
management. The second course focuses on the integration
of technology into the curriculum.

During the second year of teaching this course it became
apparent, through student feedback, that students had
limited exposure to and information about diverse popula-
tions. Because data bases are especially useful and power-
ful information toc , I selccted them to be the vehicle to
introduce culturally diverse information to teachers. The
databases presented were a cross section of businesses
owned by Blacks and Hispanics. Black and Hispanic
businesses were selected because they are one of the most
under reported areas in minority accomplishments (Swinton
& Handy, 1983). Information was collected on locations,
type, chief executive officers (CEOs), number of workers,
starting date, and annual sales/assets. The database was
limited to companies whose primary business was manufac-
turing of goods and/or services (Robertson, 1088). A
minority-owned business was defined as a business that
was 51% controlled by a minority person(s). Professionals
including doctors, lawyers, dentists, and others that feil
within the definition of professionals were not included.

The content material provided opportunities for students
to practice and evaluate various database concepts such as
soiting, selecting specific field criteria for analysis, and
filtering selected data pertaining to each business database.
For example, students were given worksheets containing
information about the businesses’ starting dates, assets,
gross sales, number of employees, types, locations, and
gender makeup. They were asked to locate companies based
on one, two, and three of these variables to determine
regional concentration, most frequent type of business,
longevity, and gross assets/sales. They were also asked to
determine if there were any patterns in regards to rate of
growth. Many students were surprise to find that Blacks
owned Saving and Loan Companies before the turn of the
century and that the largest concentration of Hispanic
businesses in terms of gross sales is located in the Miami
area. This kind of information provides teachers with new
experiences and strategies to incorporate into existing and/or
new curriculum.

Conclusion

With teacher and student populations changing, the
importance of fostering culturally diverse material is one
critical factor in successfully linking minorities to academic
achievement. In the case of my introduction to technology
classes at California State University, San Bemardino,
teachers realize that business databases provide a different
set of role models for students. It is vital that teachers who
will be providing instruction for students into the 21st
century receive effective training. This training should
include recognizing the contributions of persons of diverse
backgrounds. Technology for the present and future can
surely help to bridge the gap between diverse populations
and the dominant culture.
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RESEARCH

The term research conjures up a whole range of visions
in people's heads. To some it is the equivalent of saying,
“this isn't relevant to anything practical or useful.” To
others it is the same as saying “experimental-control group
studies with ANOVA tables.” The mix of papers in this
section illustrates our working definition of research. Itis
any reasonably systematic effort to analyze, think about, or
reflect upon issues, questions, and problems that are of
interest to others. By this definition virtually all the papers
in this book would be research. We have pulled together a
few of them in this section because they: a) address
questions of general interest, and b) approach the questions

"in a relatively systematic way.

Some of the papers are summaries of professional
practice knowledge derived from projects the authors have
undertaken. Cawley, for example, offers guidelines for
using electronic mail with undergraduate teacher education
students while Rheemn and Kolloff discuss the integration of
hypermedia experiences into teacher education.

Other papers in the research section report studies.
primarily surveys, that help us understand current conditions
in schools and teacher education programs. Hunt, for
example, compared the plans preservice teacher education
students had for using technology with actual use in the
classroom after graduation. Several studies (Topp, Thomp-
son, and Schmidt; Kraus and colleagues; Nieerhauser and
Stoddart; Huang; Sheffield; Nason, and Paprzycki and
Vidakovic) assessed the attitudes of preservice or inservice
teachers and/or their ability to use technology in the
classroom. We now know a great deal more about what
teachers think about technology, how much they use it in
their classrooms, and how they perceive their ability to use
technology. Another study of perceptions, by Wentworth
and Connell looked at parental perceptions and made some
recomendations about what needs to be done to encourage
pare’ .s to support innovation in the school. Using networks
like Internet and Bitnet to gather survey data was the focus
of a paper by Paprzycki, Mitchell, and Duckett.

Several papers in this section also address the question
of whether particular approaches are appropriate and
effective in different areas of teacher education. Berry, for
example, reports on a study of interactive video simulations
in a methods course. Bednar, Ryan, and Sweeder looked at
the use of video in a preservice program, Galloway studied
Quicktime multimedia tools, Zimmerman and Blanton
evaluated collaborative computer games; and Shaw
Nauman, and Burson looked at word processing. Finally,
Hillman and Perry's paper outlines a number of the critical
questions in our field.

Jerry Willis is Professor and Director of the Center for
Information Technology in Education. Kathy Matthew,
Juanita Hurst, Chuan Hui Huang, Clare Walsh, and Marco
Teran are graduate students in the instructional technology
program of the College of Education, University of Hous-
ton, Houston, Texas 77204.
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Technological
Competence: Training the
Teacher

Kevin Cawley
lona College

This paper narrates the development of a project in the
use of electronic mail by undergraduate teacher candidates.
The innovation of électronic mail as a means of connecting
students and collecting information was first suggested
during a project sponsored by the Westchester Education
Coalition, whose purpose is to explore ways of improving
and implementing change in traditional teacher preparation.
Participants were teacher educators concemed with connect-
ing future teachers with technologies for the classroom. The
implementation of the project came to fruition in one of the
foundation courses (EDU 202, Foundations in Education
Theory) in the Teacher Education program at Iona College
in Spring, 1993.

The course takes students through important historical
and philosophical developments in the growth of education
as a discipline. It is designed to help preservice students
appreciate the social, historical, philosophical and cultural
factors that have combined to create the various understand-
ings of teaching and learning as we know them in this
country.

Rationale For Project

There are clear indications that peer support for achieve-
ment can be an important contributor to learning (Slavin,
1991). Techniques that resolve the dilemma of humanistic
educational goals and the achievement of basic knowledge
of content usually involve some form of group work. There
is growing acknowledgment of the wisdom that student
success in school can be related strongly to the idea of
interactive relationships organized around academic work;
this is especially true of college students (Light, 1992). The
idea of future teachers working together on their learning
therefore has an intrinsic appeal that makes even greater
sense when combined with technology in the form of
computers. This intersection of ideas led to the technologi-
cal inn -ation: on-line reports via e-mail.

The E-Mail Project

The e-mail technology was applied to a previous
requirement in the EDU 202 course that called for students
to report on a site visit to collect information on a program
or project at a school. The rationale for the site visit
included the concern that these students needed to be
engaged on a regular basis with operating schools so as to
ground their classroom instruction in real experience. The
students had already been placed in schools for a three week
observation experience prior to the spring semester and so
were usually familiar with the school they selected for the
site visit.

The site visit guidelines were distributed and explained
along with the additional dimension of sharing the report
with classmates by electronic mail. Students were advised
that they would be learning how to use the electronic mail
system of the college in order to assist them in communicat-
ing with the instructor and with each other. Supporting
materials for the electronic mail instruction were distributed
and students were given opportunities to practice the
procedures. The instruction in the use of the system took
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several class meetings and bears some comment.

Learning the System. Every lona student is required to
complete 3 credits in computing as part of the core curricu-
lum. This requirement means that each of the students in
the 202 course has some familiarity with the Iona system
and is comfortable in a PC environment. The electronic
mail system, however, runs on the mainframe system and
needs to be accessed from a lab or by modem. Most
students found this to be a significant adjustment even when
they had been familiar with the system from other courses.
The guidelines for signing on to mainframe computer had to
be revised several times as the configurations became better
understood by the instructor.

Several classes had to be given over to instruction for
signing on and signing off the mainframe, adding a signa-
ture, oving from reading mail to sending mail, sending
mail to a group, copying mail, and reviewing outgoing
messages.

A very significant adjustment surrounded the mainframe
text editor. All students were taught the basics of
Wordperfect as part of their core course in computing.
However, the editor in the mail system was not
Wordperfect, but an older version of word processing that
differed in several significant ways from WP. It was not a
“friendly" package. Students found the lack of a word-wrap
feature especially irritating. Many students improved their
performance by asking the student at the next terminal for
help when needed. Students were comfortable asking for
and receiving help from their peers on computers.

Instruction and Public Computer Laboratories. A
teacher educator working in this technology will need to be
flexible about the amount of time needed to bring the class
to independence on the system. The most efficient instruc-
tion usually involves having students convene in the
computing laboratory. Instructing students in a laboratory
setting can be a trying experience for.teachers accustomed
1o a lecture mode of presentation unless certain precautions
are anticipated and adjustments made. If an institution has
not arranged for separate departments to have exclusive
computing laboratories, then public labs must be reserved
well in advance through a central authority in the institution.
Most faculty would not be familiar with this process unless
they had done sufficient investigating. Public labs need to
be examined by the instructor ahead of time to be certain
that the sign-on procedures designed by the instructor match
the sign-on procedures being used in the labs.

Often students throughout the institution are accustomed
to working uninterrupted in public labs and are not in the
habit of inspecting the reserved time form posted at the
entrance to each Lab. The instructor is advised to arrive
early at the lab and to announce to the users in the lab thata
class will be arriving shortly and would they please make
arrangements to end the session they are on and move out of
the lab. As a practical matter, this is not a small consider-
ation and should be handled diplomatically so as to be fair
to those users who are already in place in the lab.

Learning Curves. Most students found the use of the
e-mail system added considerably to the amount of time

they needed to spend on campus in order to master the
system. They were reluctant to adjust their tight schedules
of class, commuting and work responsibilities in order to
add the task of mastering e-mail. Additional motivation was
provided by the instructor placing on the e-mail system
samples of the midterm and final examination questions.
Students were advised that the examination material was
available in this form only and no hard copies were to be
provided. Most students took the extra time to sign on and
read the exam questions and take the test. The answer key
was placed on the mail facility some time later in order to
encourage additional use of the system.

After the basics of e-mail were mastered, the students
were directed to send e-mail to the instructor as a basis for a
quiz grade. Practice in signing on and signing off the system
proved to be a useful part of the instruction. The details of
getting in and out of the mainframe system could be
confusing when not practiced thoroughly. The sign-on
routine eventually became embedded in the ritual of coming
to class. Students eventually signed on and signed off
automatically with no additional instruction. The next level
of expertise proved harder to master.

Students had to learn moving around the e-mail system
with its options and its restrictions and its specialized
vocabulary. The last item especially can strike the casual
user as arcane and confusing. Lessons were designed to
teach them separate sections of the system with exercises
built in to give them practice in the techniques. As students
mastered Send Mail, for example, they would next be asked
to Forward Mail and then to Add Nicknames to their Mail
Directory and finally, to add a Group to their Mail Directory
to receive their reports and research. At this point they were
assigned to a Working Group and advised to include the e-
mail Address for each member in the Group under their
Mail Directory.

Students had paired off for the site visit research.
Pairing accomplishes several things. Students are collabo-
rating and both are responsible for the success of the visit.
Students are connected with someone they can work with to
accomplish a goal and this kind of team work usually results
in increased appreciation for the other person. Teachers too
often can become isolated, especially in larger schools, and
this partnering in preservice education can help them to
understand the importance of working together. The
instruction makes a point of this aspect of the design.
Partners reporting on site visits also divides in half the
number of possible reports that need to be evaluated by the
instructor.

E-mail allows teams to write and revise on the screen.
The reports are submitted electronically to the instructor.
Each report is answered electronically by the instructor with
additional questions for the team being the usual form of
response. Each pair of reporters is also responsible for
sending their report to each member of the Working Group.
In this way, each of the site visits has a potential audience of
S, (instructor, partn<r, 3 students in the Working Group)
thus increasing the dispersal of information and adding to
the consideration of kinds of audience for the writers of the
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report. No hard copies are exchanged although students are
free to print e-mail.

Suggestions for Lab Sessions. Giving instructions
while students are seated in front of active terminals can be
frustrating. Students will be distracted by the activity on the
screen and not readily pay attention to directions being
given at the same time. Itis good practice to have the
terminals dark at the beginning of teaching sessions in the
lab in order to assure maximum attention from students to
directions that will have a direct bearing on their ability to
access the system. Graduate students generally have more
difficulty listening to directions than undergraduates in these
settings.

Once students are in place and the machines are turned
on the instructor may need to have written directions
distributed with the steps in the sign-on process arranged so
as to minimize the chances for serious problems. The sign-
on instructions need to be carefully worked out and pilot-
tested with a student or two before the class uses them.
Often the directions that appear specific, clear and logical to
the instructor will contain ambiguities and gaps in process
that will only be apparent when they are followed carefully
by a naive user who cannot guess what the instructor really
meant to say at a particular point.

As soon as the students are released to work on their
own, the instructor needs to be moving around the room
watching the screens to see who needs to be helped first.
Many times the student will be stuck at a screen and trying
to read the entire message while the next student will have
gone several screens ahead with no hesitation. The sign-on
and mail facility are similar in that several layers of
procedures must be gotten through. At one point in order to
get from the network to the mail facility screen (most labs at
Iona start at the network screen) it was necessary to pass
through 8 different screens with at least one keystroke
required per screen before a student arrived at the mail
facility on the mainframe. The crossing over process
becomes routine for students only with practice. Very few
students used the mail facility prior to coming to the class;
they had all received instruction and practice in the basic
computing course but apparently had not made the mail
facility a regular part of their schooling processes. Many
expressed surprise at the various features of the system and
seemed intrigued by the possibilities inherent in this method
of ecommunication.

The instructor needs to be prepared to juggle questions
from students at varying levels of complexity and usually
simultaneously. Once released from having to listen to the
instructor for each step, they are free to move at their own
pace and so the questions and problems will occur in more
or less random order and from various parts of the room. It
is often useful to remind them to check with the nearest
student first if they have a question. This permits the
teacher to spend more time with the truly needy; usually this
student has been absent from the previous lab meeting.
Often a problem will arise on several screens at the same
time and this is usually a sign that the instructions were
misinterpreted or badly written. At this point a general

direction from the instructor can clarify the issue for
everyone simultaneously.

Lab assistants can be very helpful during class sessions
when the number of questions suddenly overwhelms the
instructor. Lab assistants are most helpful when they have
been briefed ahead of time as to the nature of the class and
the type of instruction to be provided.

Persistent Troublesome Issues. Very often some
students will not be familiar with the keyboard. Even when
they have a computer at home or have taken courses on the
campus they have not been routinely at work on the system.
Students will also find the change of venue upsetting for a
while. They are not used to listening to instruction while
having such an attractive distraction as a full color monitor
directly in front of them. A teacher who is uncomfortable
with competition of this kind will need to adjust quickly to
the change.

Some students will be very familiar with the computer.
These students will often begin to work on the system as
soon as they enter the room. They will frequently not hear
directions correctly as a result. It is best to have all the
machines turned off when students enter so as to have a
reasonable chance of keeping their attention for the instruc-
tion. It miay be helpful to have a more competent student sit
near a less competent student to assist him or her when
necessary.

Opportunities and Reasons. The students can be
encouraged to use the mail facility by several means.
Placing examination review questions on the mail system
has been mentioned earlier. Students are also assigned to a
Working Group usually of 4 or 5 persons for several
exercises in class discussion. These groups are responsible
for knowing the names of members and eventually they are
combined in a mail group by the instructor after inspecting
the quiz performances of all and arranging weaker students
to be grouped with stronger studerits. The mail group is
assigned a Team Color for inclusion in the Mail Directory
for each member. Later, when the time comes for the
dispersal of information on site visits and similar ventures,
the Working Group receives mail from each member for
inspection and review. Ultimately the idea is that each
Working Group would be in dialogue around issues
generated by the work of the individuals in the group.
Hopefully, this particular practice will lead to reflection by
these students on the value of collegial problem-solving for
education by the educationists. Even in cases where the
student is not planning to be a teacher, it is hopr:" he or she
will come to see the value of working together to solve
problems.

Implications for Teaching. Electronic mail technology
has several advantages in the group setting. First, it is
always a typewritten text that is being processed and so the
ease of editing can lead to more complex and comprehen-
sive products. Second, the message can be sent and
received at any time of day. Students on complicated
school/job/commute schedules can be in touch with each
other via e-mail in ways not possible with conventional
telephone messaging. Third, the instructor can be in
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communication even when the student is not in class.
Messages can be sent and received from various parts of the
campus. This instructor can communicate from home by
means of a modem and software that allows connection to
the mainframe for the cost of a local phone call. Fourth, the
duplication of paper and the exchange of papers can be
significantly reduced at a savings to several constituencies.

At lona College, the e-mail project will be continued for
several reasons. The students here have first rate facilities to
take advantage of. The students going into teaching will be
faced with computers in more and more school systems;
superintendents will want to employ teachers who are
comfortable in such an environment. Students in schools
now will, by all accounts, need to be more technologically
literate than any previous generation — schools will need
teachers who can use the computer with a level of comfort
that will make the computer as ubiquitous as chalk and
blackboards.

As the semester progressed more and more mail was
processed and answered by the instructor. This increase
showed across a wide spectrum of students. Several
students reported discovering Bitnet which allowed them to
write to friends at other universities. Students showed
increasing confidence in moving in and out of the system in
various labs. Many were at first unaware that the same mail
facility was accessible from any lab on campus. They
became more comfortable about connecting between classes
to check their mail. They needed less and less intervention
during lab meetings. They began exploring aspects of the
system on their own that were unfamiliar to the instructor
but showed promise of being useful and/or interesting once
the initial intimidation had worn off. Students seem to grow
in confidence to the extent that they realize that they can
make mistakes and still make progress. This is a lesson that
every student needs.

Communication with students has always been an
essential feature of all teaching. Indeed, faculty-student
relationships are second only to relationships with peers in
the degree to which students are affected by their years in
college (Astin, 1992). A teacher who commits to €-mail as
a focus for dialogue with students needs to design processes
for expediting the volume of electronic text that will begin
to flow from those students who take advantage of this
opportunity for dialogue. Students who respond to the
prompts only because grades are associated with use will
only be heard from at teacher-set intervals. However, there
will generally be a percentage of students who will eagerly
take up the invitation; they will begin to dialogue exten-
sively on the e-mail system with the faculty member. Time
management issues become significant dilemmas: wishing
1o connect means taking time from other responsibilities.
Each situation will be full of its own variables. The e-mail
assignment is seldom “over” in the traditional sense of that
word. Students may continue to stay in dialogue long past
the end of the course; the conversation has now gone
through the artificial constraints of terms and semesters.
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Integration of Hypermedia
into Teacher Education: A
Beginning

Sue P. Reehm
Eastern Kentucky University

MaryAnn Kolloff
Eastern Kentucky University

As the reform movement continues in education, school
systems are purchasing computers and related technologies
often without the ability to incorporate them into the
curriculum. Schools in Kentucky are mandated by the
Kentucky Education Reform Act (KERA) of 1950 to
incorporate technology to change the way children are
educated in the Commonwealth. The learner outcome on
the use of technology from the Kentucky Curriculum
Framework states: Students use computers and other
electronic technology to gather, organize, manipulate, and
express information and ideas. One suggestive use of
technology by students involves maintaining at least part of
the required portfolios for writing and mathematics in a
hypermedia environment. Students may incorporate such
aspects as text, graphics, sound, video, and photographs
within the entries for their portfolios. However, many
classroom teachers are uncomfortable in addressing the
learner outcome of using electronic technology because of
their lack of knowledge and skills in hypermedia.

Integration of hypermedia

Hypermedia is a powerful tool for teachers to use in
creating instructional presentations and packages as well as
a vehicle for students to use in expressing information and
ideas. While most teachers make personal use of comput-
ers, many do not have the background to use computers and
related technologies to produce a hypermedia product.
Teacher education institutions have been successful with
integrating activities such as reviewing and evaluating
software packages in teacher education classes but appear
slow in integrating authoring programs for hypermedia.
Both preservice and inservice teachers need help in first
becoming producers, and second, helping students to
produce hypermedia products.

To address the need, selected teacher education courses
at Eastern Kentucky University have incorporated activities
for nroducing hypermedia products within existing courses.
The intention of this paper is to describe issues and activities
related to the integration of hypermedia production in the
courses. The issues involved in selecting various
hypermedia environments included cost, availability,
familiarity with platforms, hypermedia literacy, time and
effort required for production, and advantages as well as
limitations of the hypermedia environments. Three
hypermedia authoring systems were selected to be intro-
duced to the students.

StoryWorks

Since the students had little or no prior experience in
developing nonlinear products with the computer, the first
program selected for use was StoryWorks for MS-DOS -
produced by Teachers’ Idea and Information Exchange.
StoryWorks is a low-cost, hypertext software tool for
creating branching applications. In addition, a limited
number of sounds provided by StoryWorks can be incorpo-
rated. This program is available in both MS-DOS and
Apple formats. The MS-DOS version selected uses the
Microsoft Works word processor to create hypertext stacks.
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Using one of the example stacks on Storyworks coupled
with the students familiarity with Microsoft Works lessen
the startup production time needed.

As an introduction, the concept of developing
nonsequential documents through the use of webbing or
branching was illustrated. As students started developing
hypertext stacks, the need for some type of diagraming or
flow-charting of the branching became apparent. Students
utilized examples from StoryWorks to gain experience
using nonsequential branching. Students were then directed
to pick an individual topic within their discipline area for
developing their own stack. As preservice and inservice
teachers further developed their topics, they became excited
about the educational potential for their own students with
hypermedia products.

Using the Microsoft Works word processor, StoryWorks
segments or cards are created as separate pages. The cards
containing related topics or information are linked to each
other by transfer directives. These transfer directives define
“buttons” or keys on the keyboard which would allow the
user of the stack to choose the branching direction. The
StoryWorks stack, containing 1 to 1024 cards, is then saved
to disk as a standard Microsoft Works word processor file.
The StoryWorks program is used to read the stack and
activate the transfers and sound effects.

At the conclusion of this hypermedia experience,
advantages and limitations of StoryWorks were addressed.
Some of the advantages found within this program are the
low cost for classroom use and the relative ease of learning
to develop stacks. Limitations of the program include the
limited graphics capability, limited number of sounds, and
the lack of mouse control while running the  acks.

HyperCard .

The second hypermedia experience was with HyperCar
which allowed students to incorporate text, graphics, and
sound into a hypermedia project. HyperCard was selected
because of its accessibility on the University campus and to
give students experience on the MacIntosh platform.
HyperCard is a tool for accessing information by defining
one's own way through information, a user-friendly
authoring tool for constructing original work, and a gateway
to multimedia applications.

Concepts such as branching, stacks, buttons, card/
segment introduced in StoryWorks were initially reviewed.
Within HyperCard, students were introduced to the concept
of an object-oriented authoring program. Students’ initial
experience consisted of demonstrations of HyperCard stacks
and a systematic hands-on activity for constructing a stack.
Such hands-on activities are necessary to introduce the
concept of “tearing off" the tools menu. Placing the tools
menu on the card allows for the selection of tools from the
tool palette to browse, work with fields or buttons, and use
the paint tools. To keep track of the sequence and branch-
ing of information, students often needed to number cards
using the tool menu.

Students designed and developed a stack with the five
objects: stacks, cards, backgrounds, fields, and buttons. In

the development of the stack, students were required to
create and incorporate graphic images. Simple HyperCard
stacks were based on the students’ specific emphasis area
{e.g., math, science, music, art, or language ats).
Advantages of HyperCard include the user-friendliness
and the graphics capabilities of the program. The accessi-
bility of the tools menu provides for ease when constructing
stacks. Limitations for the students included keeping track
of various cards, inexperience in using a mouse for con-
structing graphics, and using the allocated time constructing
graphics rather than adding sound effects to the stack.

Multimedia 1

The third hypermedia authoring systern used was a
shareware package, Multimedia 1 by DareWare, Inc. This
package allows students to incorporate text, images, and
sound into a hypermedia project on a MS-DOS platform.
This program was chosen because of its low cost and its
relatively simple computer system requirements (a hard
drive and 512 K memory). In addition, the products created
can be stored on and played from a single disk.

The students were able to use their previous experience
on StoryWorks and HyperCard to begin creating presenta-
tions in Multimedia 1. The built-in Development Editor
with a pull down menu, mouse support and multiple
overlapping windows environment was used to develop a
hypermedia program. The program examples and com-
mands, sounds, and images libraries allowed students to
develop an initial presentation with relative ease. Students
then created projects based on their certification area and
level (primary, middle grades or secondary). In their
projects, students were required to use images, speech, and
sound effects.

Advantages of using Multimedia 1 include the ability to
incorporate created, scanned, clip art, or other graphic
images in GIF, PCX, PIC, and TIFF files; combine speech,
music and sound effects and play them through the PC
speaker or sound board; the ease of using the built-in editor
to write and create programs; and the ability to create simple
or complex presentations. The use of color and special
effects is very appealing to students. A limitation with this
as with other hypermedia authoring programs is the time to
find and develop the graphics and sound files to support a
particular selected topic.

Conclusion

These three hypermedia experiences provided the
students with practical applications for and experience in
using hypermedia. The benefits to the preservice and
inservice teachers were in the development of skills in the
use of hypermedia and familiarity with both the MS-DOS
and MacIntosh hypermedia platforms. Addressing the
issues surrounding the use of hypermedia in the classroom
was an additional benefit. Students became interested in
investigating other hypermedia authoring systems which
were available to them in schools, in other computer labs
on campus and/or on their home computers. Students
compared and evaluated the three hypermedia authoring
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systems as to cost, availatility, platform preference,
usefulness in teaching, time and effort required for produc-
tion, and cognitive effects.

After using the three authoring systems, the use of
hypermedia in the K-12 curriculum, especially in relation to
KERA, was addressed. Issues raised included the time
required to leamn a new program, the time needed to create a
hypermedia product, the comfort level of the teacher in
using hypermedia, the skill level of students, and the often
limited availability of computers.
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The necessity for providing teachers with professional
development opportunities in the instructional use of

|ntenhons Clnd technology is widely recognized. Most states now require

that some or all of their teachers gain knowledge and skills

Im p|6m eanOnSI for using information technologies. The intent of these
regulations is not to prepare “computer literate” teachers,
The |mpCIC‘|' Of TeChnO|Ogy but to positively impact K-12 education by encouraging the
. effective use of technology in elementary and secondary
Coursework in Elementary <ol ctassrooms.

This paper will compare the findings of two studies
C|Ossr00ms related to the impact of coursework in information technolo-

gies for teachers and then consider the instructional implica-
tions of disparities found between students’ plans for using

. . . NOﬂlCY P. Hunt technology and actual classroom practice.
California State Unlversn‘y - Fresno Participants in both studies were enrolled in coursework
required of elementary teachers at a large state university in
central California. The first study involved an analysis of
reflective “position papers” submitted by 163 of these
students upon completion of the course. These papers
required students to review the course and determine which
topics and teaching strategies modeled in the course they
found most valuable and would like to implement in their
classrooms. The second study was based upon semi-
structured interviews conducted with 35 practicing
classroom teachers who had completed the same course in
previous semesters. The interviewees were asked about
their access to technology, how they applied the course
content in their teaching, and how they thought the course
might be improved to better meet their classroom needs.

Intentions

One of three open-ended questions asked of students in
the position paper assignment was “Which ideas, tools,
teaching strategies (if any) are you most anxious to use in
your classroom?” As shown in Table 1, students reported
being most anxious to use educational software,
wordprocessing, and hypermedia technologies.

Numerous subtopics were often noted within these
categories. For example, 32 students said they wanted to
use wordprocessing for the teaching of writing and another
21 said they wanted to use it for publishing student work.
Thirty three reported being anxious to use simulation and
problem solving software while 27 wanted to use drill and
practice software. Seventeen specified the use of databases
to help them organize their student records and 14 wanted to
have their students create and use databases for preparing
classroom research project. Ten wanted to use Logo to
promote the learning of mathematics and development of
problem-solving abilities, 6 specified using spreadsheets for
classroom organization and record-keeping, 17 said they
warited to teach their students to create hypermedia stacks,
and 15 were anxious to use CD-ROM and laserdisc
technologies.

Other than mentioning cooperative learning, few
students mentioned any specific classroom strategies for
managing computer-based instruction. Of those who did,
three said they wanted to use computers as “stations” within
their classroom and one noted that she would use an LCD
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panel to project compute: images for whole class instruc-
tion. Twenty-seven said they would use computers for
motivating students, twelve said they would work to
integrate computers into their on-going curriculum, and five
said they would use computers as a reward or during “free
time.”

had classroom access to a computer but only 13 reported
using their skills in software review, it can be assumed that
the teachers use whatever software they “inherited” and
have reviewed other packages for use in their classrooms.
Less than ten percent reported using computers for any
other application.

Table 1
Topics students reported being most anxious to
use (N = 163)

Topic # of responses
Educational Software 88
Wordprocessing 81
Hypermedia 61
Cooperative Learning 50
Databases 49
Logo programming 28
Spreadsheets 11
Telecommunications 10
implemenitations

In the second study, fifty-one studeuts who had earned
their clear multiple subject (elementary teaching) credential
between August, 1989 and December, 1992 were reached
for telephone interview. Semi-structured interviews were
conducted with the 35 who were currently teaching.

Technology Access. Twenty-four of the 35 teachers
reported having access 10 a computer in their classroom, 24
said they had a computer in their home, and 18 said they
had a computer both at home and in their classroom. Five
teachers reported no access to computer technology for
themselves. Twenty-four teachers said their students have
access 1o computers in the classroom, and 26 reported that
their students attend classes in a school computer laboratory.
Only two teachers reported their students do not have access
to a computer. The amount of contact varied greatly, but
most teachers reported their students use computers from
ot.e-half hour to two hours per week.

Three teachers with classroom computers said their
students used the computer for wordprocessing, but most
reported their students’ computer use consisted of working
independently or in pairs on drill and practice software.
Several reported they allow their students to use the
computer during free time or as a reward altenative. Three
teachers who indicated their students had accessto a
computer lab reported the lab was used with a pre-packaged,
commercial (either the Wicat or Writing t0 Read) curricu-
lum.

Coursework Topics. Two interview questions asked
which class topics the participants had used or would like to
use in their classrooms. As can be seen in Table 2, just over
half the participants reported using wordprocessing but
since only three teachers reported letting their students use
wordprocessing, one might assume that the other 16
teachers have used this application solely for personal
productivity. Likewise, since 24 teachers said their students

-
od

Table 2:
Classroom Use of Course Topics (N = 35)

Topic Have Used Would like to Use
wordprocessing/writing

process 19 9
software review 13 0
hypenmnedia dev/multimedia

products 3 9
databases 3 7
spreadsheets 3 6
Logo programming 3 5
cooperative learning/

curriculum integration 2 6
gradebook program 1
telecommunications 0 5

Table 2 also shows that the interviewees were interested
in using hypermedia and tool software. The teachers were
then asked why they were not already using these other
applications in their classrooms. Table 3 shows that the
most frequently given reasons for not implementing these
topics were a lack of equipment or software and limited
time in the school day.

Table 3

Factors Which Hinder Use of Course Topics (N =
35)

Hindrances to Usage No. of Responses
limited access to equipment 13
limited time

lack of needed software

limited funding

teaching in a special education program
transient student population

student capabilities

fear, apprehension over using technology
new teacher, other priorities

just recently got computers

lack of classroom space

lack of modemitelephone line

— s s e e = DD B OO

Table 3 also reveals some more troubling comments.
One person expressed negative feclings about using
technology; four implied that com,uters were not appropri-
ate for their transient or special needs children; and one said
that she, as a new teacher, had other priorities.

Suggested Course Modifications. Most students did
niot offer any suggestions for how the course could be
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modified to better meet their own or future students’ needs.
There were several, however, who indicated they had had
trouble knowing how to start using the computer in their
classroom. Six said that they had difficulty implementing
what they had learned because they could not visualize how
10 put into practice the concepts and skills learned in the
course.

When asked if there were technology-related topics
which would interest them as extension classes, the
interviewees had many suggestions. Most frequently
mentioned were: the use of CD-ROM and laser discs,
software review, telecommunications training, desktop
publishing, classroom management, and hypermedia
authoring. The reader might note that these same topics
were the ones mentioned by those completing the basic
technology course and by the interviewees when they were
asked what they would like to be using in their classrooms.

Discussion

Most of the teachers interviewed have access to
computer hardware at school, at home, or both. However,
most are relying on their computers solely for
wordprocessing and/or drill and practice games. This
corroborates the findings of a similar study (Keimns, 1992)
in which seven practicing classroom teachers who had taken
an equivalent course at another California State University
campus were interviewed. Keirns found that these teachers
had expanded their repertoire of computing skills as a result
of the class, but the range of their computer use was still
limited to rather mundane tasks and only two reported
changing their instruction to include more computer-based
activities.

As was true of the educators described in the landmark
government study reported in Power On! New Tools for
Teaching and Learning (OTA, 1988) most of the teachers
in this study cited a lack of money, hardware, software, and
time as the factors limiting their instructional computing
usage. Further probing revealed that time was the most
critical factor — time to explore the school’s resources, time
to review and order software, time to learn new software
and envision its use, time to set up equipment, and time to
include computer-based activities in the school day. It
could even be said that time was a critical factor in their
ability to lobby administrators and parents to fund hardware
and software purchases specifically suited to meet their
students’ needs.

The interviewee who expressed apprehension about
using computers in his classroom had been a student in one
of the author’s classes five years ago. He was clearly fearful
of the computers at the beginning of the class, but became
more comfortable over the period of the semester and,
indeed, thanked the author for her patience and support as
he became a technology user. Unfortunately, there was a
four-year period between the time he had taken the course
and the time he began teaching. He had not continued
practicing his skills during this period, so had lost them. He
was upsct with himself for letting this happen and requested
(and was given) permission to sit in on the class again long

enough to re-learn wordprocessing.

Surely those teachers who explained their lack of
computer use on the type of student they teach are working
from a lack of awareness. Non-remedial computer-based
instruction has been shown to be highly motivating for at
risk and special needs children (Martinez & Robbins, 1992)
and many excellent products for English as a Second
Language leaners have recently come to market (Hunt,
1993).

In reference to the teacher who said she had other
priorities, if she had internalized the value of computers for
accomplishing instructional and classroom management
tasks, she would view them as a godsend for any teacher,
new or veteran.

implications
We know that the inclusion of educational technology

coursework in teacher preparation programs is having an

impact in K-12 classrooms. Anecdotal records of students
returning to campus and reporting proudly about how they
are incorporating computers in their instruction; informal
interviews with school district personnel who report that the
new teachers coming in are clamoring for computers and
software, questioning administrators regarding their
spending priorities, and becoming involved in school-wide
teciinology planning tell us that we are having such an
impact.

However, we can also see that the impact of this
coursework has not been as widespread and decply embed-
ded into instruction as we might like. The studies discussed
here show that elementary school student computer use is
mostly limited to wordprocessing and drill and practice
software and their teachers’ use of computers is typically
limited to the clerical chores of teaching.

Given the complexity of the task, it is not reasonable to
expect teacher preparation programs to be solely responsible
for instructional innovations in K-12 education. But clearly
teacher preparation coursework in educational technology
«an be enhanced by listening to graduates and heeding their
concems. To increase the depth and breadth of K-12
classroom implementation, it is suggested that teacher
education faculty consider modifying their coursework to
include:

* discussion of classroom management issues,

* visitation of model K-12 classrcums (or experiences with
videotapes and hypermedia resources portraying such
classrooms) in which students can sec computers being
used for more than drill and practice sessions,

 demonstrations of software and instructional methods
appropriate for working with special needs children, and

* activities in which students envision themselves using
technology as a medium for instruction and seek
administrator and financial support for their efforts.

I also believe that seeing technology used in a single
course in educational computing, or even within several
university courses, is not sufficient for preparing teachers 1o
effectively use information technologies. Students must
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have many models of effective technology use, and they
typically did not see advanced technologies used in their
own K- 12 education or in their postsecondary experience.
The sites selected for preservice field experiences must give
students multiple opportunitie , to observe and practice
teaching with technology during their student teaching
assignments. It is in these preservice field placements that
students become acquainted with the realities of life in

ele nentary and secondary classrooms, look for real-world
ccanections to content presented in their university founda-
tions and teaching methods classes, and develop their own
instructional and managerial skills.
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For almost 20 years, integration of technology in the
classroom has been a focal point for innovation in our
nation's educational system. Two issues have dominated
the discussion: the potential of the new technology and the
need to effectively “integrate {the technology] throughout
their curriculum” (Baron & Orwig, 1993, p. 5). Research on
such varying aspects of technology in the schools as
attitudes, anxiety, and performance has proliferated as
educators attempt to make sourid decisions about computer
use (Richards, Johnson, & Johnson, 1986). One aspect of
the integration of technology which has been studied is the
training required for effective use of instructional technol-
ogy. As in other content areas, the type and amount of
training in instructional technology available 1o teachers
varies enormously in quantity and quality. Like other
educational innovations, the integration of technology has
become an important issue in preservice teacher education
programs.

Review of Current Literature - f

Current research literature on student teachers’ attitudes '
toward the integration of technology in the classroom
supports the importance of experiences with technology
prior to student teaching. Such pre-student teaching
technology experiences appear to have a positive effect on
both skills and feelings of preparedness for integrating
technology in the classroom.

In a study of student teachers’ perceptions of instruc-
tional technology, Hunt and Bohlin (1991) found that the
majority of student teachers who reported prior computer
experiences indicated their experiences consisted of word
processing or recreational uses like computer games. Such
previous computer experiences were strongly correlated
with positive student teacher attitudes toward the use of
computers in their future classrooms. Unfortunately, these
student teachers were generally unable to identify ways
teachers might use computers in their work.

Another study (Dradowski, 1993) which investigated a
preservice computer education program by describing the
attitudes of three students in the process of completing the
program focused on the respondents’ views of their
completed training. Tne participants’ responses supported
the idea that the computer education base focusing on
technical aspects of instructional technology was 00 narrow
and should grow from teaching students about computers to
teaching future teachers on how to teach with computers.
The findings also indicated that the students must pass
through stages or levels before adapting an innovation. .
Prior experiences are an important element in progressing 13
through these stages when attempting to become competent ’
at integrating technology into the classroom.

Brownell, Zirkler, and Brownell (1991) looked at the
perceptions of preservice teachers and measured their
attitudes toward teachers as computer users. They reported
that preservice teachers viewed the computer user as “more
strongly gaining efficiency” through the use of a computer.

This is to say that they felt other professions gained
efficiency at the job site more from using computers than
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did teachers. The study also indicated that increased use of
computers during their college years could lead to a better
understanding of how to use technology in the classroom.

Handler (1993) studied first-year teachers’ sense of
preparedness to use instructional technology. She found
that first-year teachers who reported that instructional
technology had been integrated in their methods courses or
in their student teaching felt better prepared to integrate
computers into classrooms than their peers who had not had
such integrated experiences. She also reported that. while
taking a single technology-oriented course helped improve
the preparedness of those who had little prior technology
experience, the modeling of instructional technology
integration in courses and student teaching was crucial to
feelings of preparedness. Through a qualitative component
of her study, Handler found that first-year teachers per-
ceived four main gaps in the use of technology in their
preservice training:

(1) the need for additional information about hardware,

(2) the need for additional information about and experi-
ences with software,

(3) areas in which the teachers felt they needed to become
more comfortable with computers, and

(4) their needs as new teachers to have had opportunities to
become more familiar with instructional strategies for
using computers for instruction. (p.151)

Since student teaching experiences play a pivotal role in
teacher education (Guyton & Mclntyre, 1990), it seems
wise to specifically examine the role of such experiences on
knowledg-. of and attitudes toward instructional technology.
The impact of student teaching experiences becomes
especially important when teacher education programs do
not have access to current technology available in public
schools or lack the facilities to thoroughly prepare large
numbers of prospective teachers in technology.

Purpose and Design of the Study

This study used qualitative research methodology to
examine the impact of experiences with technology prior to
and during student teaching on students teachers’ attitudes
toward and knowledge of the use of instructional technol-
ogy. The 11 secondary student teachers who participated in
the study were assigned to a public senior high school which
emphasized the integration of technology in classroom
instruction. Student teachers were expected to design and
deliver instruction using instructional technology. All the
student teachers received on-site training in the use of
instructional hardware and software available at the school
including Edlan products, multimedia, and Uliimedia. The
training, provided at the start of student teaching, was
conducted by the teacher who was responsible for training
the school faculty and facilitating technology integration.
After approximately six hours of orientation to available
technology, each student teacher was encouraged to identify
the technology most appropriate for his/her content area.
Training in that technology was then provided. Insome

1

cases the training could be completed in a few sessions. in
other cases (i.e., Linkway) the training continued for most
of the semester.

The 11 student teachers represented a variety of
secondary content areas with two in English, four in
mathematics, and five in social studies. Four student
teachers assigned to the school in the 1993 spring semester
responded in writing to a series of questions. The questions
addressed prior experiences with technology, technology
training and use in student teaching, expectations for future
use of technology, and perceptions of the value of instruc-
tional technology. Seven student teachers assigned to the
school in the 1993 fall semester were interviewed using a
semi-structured interview schedule. Interview questions
addressed prior experiences with technology, perceived
value of instructional technology, technology training and
use in student teaching, and expectations for future use of
instructional technology. The data were gathered early in
the student teaching experience. At that point, student
teachers understood that integration of technology was
expected but had not yet participated in on-site technology
training.

Results

Data from the questionnaires and transcribed interviews
were segmented into idea units and categorized using a
phenomonological approach (Hycner,1985). The categories
identified through our analysis were (1) knowledge of
instructional technology, (2) prior experiences with technol-
ogy, and (3) attitudes toward and perceptions of the role of
instructional technology in the classroom.

Prior experiences with technology

The prior experiences reported by the 11 student
teachers varied widely. Six of the student teachers reported
that the eight-hour microcomputer module required for
entry to the teacher education program was their only
experience with instructional technology. At the other end
of the spectrum, one student teacher reported experience in
two computer programming languages, word processing,
and using computers in university content area courses.
Despite the differences in prior experiences with technol-
ogy, the descriptors the student teachers applied to their
level of experience were remarkably similar, *‘pretty
minimal,” *“I haven’t had much,” “not much,” “I did not get
much,” “very little, if any,” “I'd say little, if any,” and “very
litle.” Only two student teachers did not characterize their
level of experience in a negative way.

Knowledge of instructional technology

Analysis of student teachers’ knowledge of technology
revealed relatively low levels of the technological knowl-
edge as well as some interesting perceptions of technology’s
potential role in education. Student teachers’ access to and
experiences with instructional technology were limited. All
of the student teachers had completed the required micro-
computer module. Two of the student teachers had also
seen some laser disc technology at the university, all the
math student teachers had seen graphing calculators, and
most of the group reporied word processing papers for
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classes. One student teacher was aware that Linkway
existed because her roommate had used it while student
teaching at the same high school. All the student teachers
indicated they had access to computers at university
microcomputer labs and at the high school. About half of
them also indicated they had access to computers or word
processors owned by roommates or friends. Three of the
student teachers reported owning word processors, and one
indicated she had a personal computer. None of the student
teachers, however, was able to articulate specific goals,
guidelines, or principles related to the use of instructional
technology

Attitudes toward Instructional technology

Two student teachers’ interviews consistently supported
their stated comfort in using and learning to use instruc-
tional technology. Three other student teachers indicated
that they were “unsure” but had already begun to select the
technology they hoped to implement. Another group of
three student teachers characterized themselves as neutral.
Of this group, one student teacher’s attitude actually seemed
consistently neutral. She indicated that she knew technol-
ogy integration was required and thought that was helpful to
the kids but she portrayed no emotion about the expectation
or the technology. She seemed to see this as a task which
was neither objectionable nor desirable; it was simply a fact
of life. The other two students who said they were neutral
expressed considerable ambivalence about the “difficulty”
of implementing technology. A final group of three student
teachers were unequivocally apprehensive. These student
teachers expressed concern about student response, break-
down of equipment, and the difficulty of learning to use
technology.

Perceptions of the role of instructional
" technology in the classroom

Student teachers’ perceptions of instructional
technology's potential role in their classrooms were rather
limited and seemed to reflect four basic themes: technology
as managerial support, technology as a motivational tool,
technology as an unreliable or difficult requirement for
teachers, and technology as an unknown.

Three student teachers seemed to perceive instructional
technology as a managerial support. Two of these student
teacher reported that technology was useful for making tests
or worksheets. As one of them said, “‘you have 2 nicer end
product” that “looks better to them {students].” Two of the
three student teachers in this group also indicated that their
goal for implementing technology was to “maybe” have
their students “do papers” on the computer.

Three student teachers seemed to view technology as a
teaching tool. One, who had seen his cooperating teacher
use Ultimedia, seemed to see instructional technology as a
motivational tool that “kids are interested in,” “is lifelike,”
and “covers pretty much everything in history.” A second
student teacher noted that the school had 30-minute periods
and that meant using a variety of resources, including
technology, to keep students’ interest. The third student
teacher, who responded similarly, noted that “different

people learn in different ways and I have to cover all of
them.” He felt technology could help him do that.

A third theme depicted technology as an unreliable or
difficult requirement for teachers. This theme was very
common; nine student teachers indicated in some way that
implementing instructional technology was *“scary” or
“difficult” or “‘great, but you can’t rely on it.” Perhaps the
wabivalence these student teachers felt about instructional
technology is best captured by the student teacher who
expressed a concern that students might not respond well to
instructional technology and then went on to say, “Comput-
ers sometimes scare me. If it is easy... and I see something
that would really work..., I will be more than happy to work
with it as much as I can but it will be difficult for me.”
Another student teacher indicated that technology is a *‘great
aid” that “breaks up monotony"” but he cautioned that
teachers “should not depend on it or rely on it. Some people
get too wrapped up in it.” Interestingly, the student teacher
who spoke of the value of technology in accommodating
students’ learning styles also reported feeling *neutral about
it because change is not always good and some children do
not always learn by that method.”

The final theme came from student teachers who really
felt that instructional technology was an unknown for them.
While all the student teachers were somewhat unsure of
themselves in implementing instructional technology, the
five student teachers for whom this theme predominated
were unable to articulate any specific ways instructional
technology might be used. Not surprisingly, they reported
feeling *‘scared,” “apprehensive,” “curious,” and “unsure”
about the requirement that they implement technology in
their student teaching.

Conclusion

Earlier studies have established the importance of prior
experiences, integration, and focus in preparing teachers to
implement ir:structional technology. However, the reality is
that prospective teachers still do not seem to have adequate
preparation to effectively implement instructional technol-
ogy. While experiences with technology seem to be more
available than in previous years, it cannot be assumed that
all prospective teachers have had such experiences. Many
of the students in this study report very minirmal experiences
with technology prior to student teaching. No matter what
experiences these students have during student teaching
they have been deprived of the opportunity to m~e slowly
through the levels of adopting an innovation which
Dradowski (1993) found to be so important.

The student teachers’ attitudes toward instructional
technology varied widely. Fear of the unknown appeared
to be a prominent and natural contributor to their attitudes.
Since their experience levels were so diverse, the variance
in attitude reflects the findings of Hunt and Bohlin (1991).
It is interesting to note that, unlike the student teachers in
Hunt and Bohlin’s study, none of these student teachers
reported any recreational use of computers.

It appears that a lack of focus on and integration of
instructional technology in the teacher education program
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allowed the student teachers to form their own misconcep-
tions of technology. The respondents’ inability to present
specific goals, guidelines, or principles related to the use of
instructional technology indicates a need to integrate
technology in both content area and methods courses at the
university. The student teachers had not been systematically
exposed to or given instruction in the use of technology
during coursework prior to student teaching. In short, these
student teachers were experiencing every “technology use
gap” described by Handler’s (1993) first-year teachers.

The themes and ideas that emerged from the students
teachers’ perceptions of the role of instructional technology
in the classroom were as varied as their attitudes. The four
themes which emerged demonstrated that the student
teachers did not see instructional technology as a classroom
learning tool. Again, earlier experiences might be designed
to alleviate this problem; however, another effective
approach of preparing future teachers may be site-based
technology training during student teaching.

Three main premises support the effectiveness of a site-
based approach to instructional technology training. First,
every school has a specific set of available technology. If
site-based training is used, student teachers will be able to
select appropriate and available technology and actually
implement it in their teaching. Second, the relatively small
number of student teachers assigned to any one school
would allow for much more personalized instruction. Such
personalization may be important in alleviating anxiety and
creating a sense that instructional technology is an effective
and valuable learning tool. Finally, site-based instruction
allows the student teacher to integrate technology in an
authentic setting. There is a strong and well-documented
tendency for novice teachers to see field experience
learnings as more practical and valuable than university
learning which they tend to characterize as ivory tower and
theoretical. Site-based training in the use of instructional
technology may promote the adoption of instructional
technology as a valuable and practical part of the teaching
repertoire.

This study suggests that teacher educators must continue
to carefully examine the effects of their programs on
prospective teachers’ understandings of and attitudes toward
instructional technology. The implementation of isolated
experiences, however well designe., does not adequately
prepare student teachers to implement instructional technol-
ogy. In a follow-up study which examines the impact of
site-based training in the use of instructional technology,
preliminary analysis of the data suggests that site-based
training has had an enormous impact on student teachers’
attitudes toward and understandings of instructional
technology. Partnerships between public schools and
teacher preparation programs may be a powerful method for
preparing student teachers to effectively implement
instructional technology as they begin their teaching careers.
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Computers and computer-related technologies have
become an emphasis in many American schools over the
last fifteen years. The number of computers in schools have
increased dramatically, with the current estimation being
over two million total computers in K-12 schools nation-
wide (Bork, 1991). Not only have the numbers of comput-
ers increased in schools, but also increased is the attention
given to the need for computers to be used by educators at
all levels.

Given the increased emphasis on using computer-related
technology in classrooms, some teacher preservice pro-
grams have tried to provide preservice experiences to help
future teachers use computers effectively in their instruction
(Niemiec and Walberg, 1987). But, often, the teacher
preparation programs have been criticized for reacting to
what is already happening ih K-12 schools instead of
leading (George, 1991). To address this issue, twelve goals
for educational computing and technology preparation in
teacher education programs were written jointly by the
International Society for Technology (ISTE) and the
National Council for Accreditation of Teacher Education
(NCATE) (Wetzel, 1992, p. 148). These goals emphasized
that future teachers should be able to demonstrate knowl-
edge about computers and the effective use of computers in
classrooms.

The literature dealing with preservice teacher education
programs and the emphasis on computer-related technolo-
gies can be categorized into three themes. These include the
rationale for including computer-related technologies in the
programs, the use of computer-specific courses, and the
integration of computer-related technologies into all or most
education courses.

The rationale for making changes that include computer-
related technologies has several bases. With the increasing
number of computers in schools, school districts expect
teachers, especially new teachers, to be familiar with the
technology and be able to use computer-related technologies
effectively in their classrooms (Carlson, 1991; Johnson and
Maddux, 1991; Novak and Berger, 1991a). Not only do
school districts demand computer literate teachers, but also
at least 23 state boards of education have requirements
dealing with computer experiences in teacher preservice
programs.

In most teacher education institutions, the first attempt at
preparing their future teacher students to use computer-
related technologies has been computer-specific courses.
These courses, often introductory in nature, usually empha-
sized computer skills (Strudler, 1991). Some topics
included in these courses were learning to use computers,
memorizing terminology, leaming to construct computer
assisted lessons, and evaluating software and hardware.

Although the computer-specific courses provided an
introduction to computer use in classrooms, many authors
believed the key to providing quality computer experiences
was to incorporate computer-related technologies into all or
most education courses. The modeling of teaching strate-
gies that utilize the power of computers by college instruc-
tors has been the emphasis in many institutions (Harring-
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tton, 1991; Nelson, Andri, and Keefe, 1991; Novak and
Berger, 1991a; Strudler, 1991).

Purpose and Methodology

The purpose of this study was to investigate teachers
who are recent college graduates. The main emphases was:
1) computer use by the teachers, and 2) teachers’ evalua-
tion of their preservice preparation for using computer-
related technologies. Data were collected from results of a
survey that was completed by 135 Iowa teachers who had
graduated from Jowa State University during the years of
1986 through 1990.

It should be noted that Iowa State University has
incorporated computer technology in its teacher education
program since 1983. A computer-specific course has been
available for education majors for almost a decade and
about one half of the education majors elect to participate in
this computer-specific course.

The Survey Instrument

The research team designed survey, “Survey of K-12
Computer-Related Technology Use by Iowa State Gradu-
ates,” included four sections. Section one contained general
information questions about the respondent, such as gender,
age, general computer use and teaching experiences.
Information about the respondents’ preservice experience,
such as number of completed computer-specific courses and
year of graduation, was also included in this section. The
respondents were asked to rate the importance of a com-
puter-specific course in teacher preservice programs and to
choose the most important topic of such a computer-specific
course.

Section two contained three parts. In parts I and 11, the
respondents were asked to use a Likert-type scale to answer
questions on their proficiency in using various computer-
related technologies and their interest in using computers in
their classrooms. In part III the respondents reported the
frequency that they used certain computer-related technolo-
gies during the past school year.

The third section of the survey dealt with teacher
attitudes toward computers and computer-related technolo-
gies. The survey included items on attitudes about personal
as well as classroom use of computers.

In section four, respondents evaluated their preservice
preparation program in the area of educational computer-
related technologies. This was done both in a numeric,
Likert type response, and also in an open-ended format.

Results and Discussion

Most responding teachers (97.8%) had used a computer
at some point in their life. Over 85% of the teachers
reported that they used the computer in their. teaching and
about 44% owned a computer for their home. Computers
were available daily in their school to about 87% of the
respondents, but a liquid crystal display (LCD) pane] was
available to only 25% of the teachers.

o

Teachers’ Use of Computers and Attitude
Toward Computers

Items on the survey dealing with teacher computer use
was divided into three sections. They were teachers’
proficiency in using computer-related technology, teac rs’
interest in using computers, and teachers’ frequency of
using computers.

Teachers' average response to their proficiency in using
computer-based instructional applications (e.g. drill and
practice, tutorials, educational games, problem solving/
higher order thinking, simulations) was 3.64 (between
low{3] and medium(4)), with the highest being 4.04 for
educational games. Their proficiency in using computer tool
software applications (e.g. word processing, databases,
spreadsheets, desktop publishing, graphic/drawing pro-
grams) averaged 3.44, with the highest being 4.40 for word
processing. In the newer, emerging technologies of this
category, the highest was 2.40 for vidcodisk usage.

The responding teachers rated their inzerest in using
specific computer applications in their classrooms or
computer labs. The overall mean of this section was 3.49
(between low and medium), which was much higher than
the mean of the proficiency section (2.86, between none and
low). The application with the highest interest rating was
word processing (4.44, between medium and high) followed
by problem solving/higher order thinking skills (4.30).

Respondents also reported their frequency of using
different types of computer-related application. The most
often used computer application was drill and practice with
an average rating of 2.64, followed by word processing,
with an average rating of 2.39. These mean scores indicated
teachers use these types of computer-related technologies
between sometimes (1-4 times per year) and often (5-10
times per year). Videodisks, CD-ROM, hypermedia, and
telecommunications were seldom used. Their average
scores were between 1.06 and 1.27, indicating between
never and seldom (1-4 times per year). These results
paralleled many national teacher surveys completed over the
past eight years (Becker, 1990; Office of Technology
Assessment, 1988: Sheingold and Hadley, 1990). As the
results indicate, these newer teachers were not using the
newer applications of computer-related technologies to a
great extent, even though almost one-half of them had been
introduced to the applications in college. The reasons for
this are unclear, but the lack of equipment, as indicated by
the low number of LCD panels available, may be one of the
large barriers to the use of these newer, emerging types of
technology.

In the attitude section of the survey, three factors
emerged from the 23 teacher attitude items. The mean
responses for the factor, teacher confidence toward using
computer-related technologies, was 3.93 (close to agree).
The mean response for the factor, teacher general attitude
toward computer-related technologies, was 4.30 (between
agree and strongly agree). The mean response for the
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factor, teacher attitude toward the necessity of computer-
related technologies in education was 4.55.

The results of this study dealing with teacher computer
use and attitude indicated that teachers had a very positive
attitude toward computer-related technologies. They
believed strongly that using the computer is a necessity in
education, and they seemed somewhat interested in using
various types of computer applications in their teaching.
Yet, with many of the newer, emerging types of computer
applications, they did not feel proficient in the use of the
computer. In addition, they actually used the computer
infrequently, especially with regard to the newer uses that
have much potential for improved student learning, such as
hypermedia, video disk, and telecommunications (Dede,
1987; Maddux, 1993). The reasons behind this finding are
unclear. Lack of equipment and lack of proficiency would
seem to be two logical barriers to frequent use of the
technologies. Also, another possible reason for this
phenomenon could be the lack of preparation in their
teacher preservice experiences (this will be discussed later
in this paper).

Teacher Preservice Experiences

The respondents’ teacher preservice experiences were
varied. About 43% of the total respondents completed the
computer-specific course, “Educational Applications of
Computers”. Almost one-half (45%) of the respondents
indicated they completed no computer-specific courses in
college and about 30% completed one course. About 25%
of the teachers completed two or more computer courses
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during their preservice education.

These figures are noteworthy for two reasons. First,
several state boards of education (not lowa) have required
such a class be included in teacher preservice programs.
Second, when the respondents were asked to rate the
importance of a computer-specific course in teacher
preservice program, over two thirds selected *“very impor-
tant and should be a requirement”. *“*Very important” was
selected by 26.7%, with less than 6% selecting *'no opinion™
or “not important” (See Figure 1).

It should be noted that the computer-specific course has
fallen out of favor with many authors (Novak and Berger,
1991a; Strudler, 1991). These authors suggested the
infusion of technology in all teacher preservice classes
should be the direction of most teacher education programs,
not the computer-specific course. The responding teachers
in this study seemed to disagree. They viewed the com-
puter-specific course as very important. The reasons for this
view are unknown. One possible reason may be that
although the teachers were interested in using technology,
they were not actually using it themselves to a large extent,
and, with this finding in mind, they may have seen the
computer-specific course as the only solution to computer
competency. Since they were not modeling technology use
in their classrooins to a great extent, they may not have
thought about modeling in college courses as the best
possible situation for learning about the use of computer-
related technology in classrooms.

The recent graduates were asked what should be the
main focus of an undergraduate computer-specific course.
Almost 40% believed the development of strategies used to

Very
important

Very important,
requirement

Figure 1. Respondents’ ratings about the importance of a computer-specific
course in teacher preservice programs.
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integrate computers into all disciplines, was most important.
Using tool software (which is often useful in many different
disciplines) was the second most chosen response (28%).
Only 17% indicated that leamning to use the computer
should be the main focus of such a course. It is noteworthy
that these teachers have the same basic priority for a’
computer-specific course as many authors do for computer-
related technologies in general (Maddux, 1993: Sheingold,
Martin, and Endreweit, 1987; Vockell and Schwartz, 1992).
When asked how many of their educational methods
courses included modeling of computer-related technology
by the instructor, 53% of the respondents indicated zero,
30% indicated one, and 11% indicated two. The results of
this item are of concern. Much of the current literature
dealing with computer-related technologies in teacher
education emphasize the importance of instructor modeling
in educational methods courses. (Gunn, 1992; Johnson and
Harlow, 1993; Novak and Berger, 1991a; Strudler, 1991).

The respondents, recent Iowa State University gradu-
ates, were also asked to rate their preservice preparation in
using computer-related technologies. About two thirds
(67.4%) of the total number of respondents selected either
“very inadequate”(27.4%) or “inadequate” (40%) (See
Figure 2). Comparing these figures to a nation-wide survey
of students teachers by Fratianni, Decker, and Korver-Baum
(1990), the Iowa State graduates were somewhat more
satisfied with their preservice preparation. About 81% of
the student teachers in the Fratianni et al. study, compared to
67.4% of the teachers in this study, felt that their under-
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graduate preparation in technology use was inadequate.

It should be noted that the teachers who had not taken
the computer-specific introductory course, SecEd 101,
reported a much lower rating for their preparation. than
those respondents who had completed such a course. In
fact, over 85% of the “non-SecEd 101" respondents rated
their preparation in technology as either very inadequate or
inadequate, compared to a 30% figure for the respondents
who had completed SecEd 101 (See Figure 3). This would
seem to indicate that SecEd 101 may have given teacher
preservice students opportunities that they felt helped them
prepare for computer use in their teaching.

Recommendations

The following section of this paper will include recom-
mendations dealing with the preparation of future teachers
to use computer-related technologies in their classrooms.
Teacher education institutions need to be continually
modifying their programs to meet the needs of a rapidly
changing school environment.

Recommendation One:

Colleges of education need to provide, possibly even
require, at least one introductory computer-specific course.
Although most authors emphasized the need to move past
such a course, this research indicated that teachers believe
this type of course is very important.

As indicated by the teachers’ responses, the main goal of
this course should be the learning of strategies for integrat-
ing computers into all disciplines. In order tc achieve this

More than Outstanding
Adequate

Figure 2. Respondents’ evaluation of their preparation for using
educational computer-related technologies.
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goal, the course should be designed to address as many of
the ISTE/NCATE standards as possible. Personal computer
proficiency (standards 1,9, 11, and 12) should be one
objective of the course. Another goal should be introduc-
tion to using the computer in teaching/learning (standards 2,
3,4,5,6,7, and 8).

Recommendation Two:

College instructors must model teaching and learning
strategies that include computer-related technologies in all
their courses (Harrington, 1991; Johnson and Harlow, 1993;
Novak and Berger, 1991a; Strudler, 1991). It must be
understood that a computer-specific course, as described
above, is not the extent of technology in a teacher education
program. It is just the beginning, a sort of foundation, for
the preparation of future teachers to use computer-related
technologies effectively in their classrooms. Preservice
teachers need to experience learning while using computer-
related technologies in all courses.

Conclusion

This study, based on a survey of recent graduates of
Towa State University who are teachers in Iowa, examined
teachers’ computer use and attitude toward computers, as
well as their preservice experiences. The respondents
computer use and their attitude toward computer-related
technology was very similar to many national surveys.
They were somewhat interested in using technology, but
they rate their proficiency low. Although the teachers
indicated that computer-related technologies are important
to K-12 education, they reported they used computers
infrequently. ..

In regards to teacher preservice programs, most of the
teachers believed the computer-specific course was impor-
tant, with many suggesting such a course should be re-
quired. In addition, when asked to rate their teacher
preservice preparation for using computer-related technolo-
gies in their classrooms, many felt they were inadzquately
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Figure 3. Respondents’ evaluation of their preparation for using educational computer-related

technologies comparing those who completed Seckd 101 and those who did not complete Sectd
101.
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prepared. These findings seem to indicate teacher
preservice institutions need to carefully examine their
programs. K-12 students deserve teachers who are able to
use computer-related technologies in ways that will
facilitate and encourage learning. With this in mind, all
teacher education graduates need to have had experiences
that will help them develop strategies for using computer-
related technologies in their own classrooms.
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' The current round of national reform efforts recommend
. . a shift from teacher-directed transmission approaches to
The ReIOfIOI‘\Shlp Befween instruction towards student-centered conc:’;;t?xal approaches
3 . to teaching and learning which emphasize the social and
TeCIChefs Bellefs GbOUf cognitive construction of knowlodge and the integration of
. advanced technology (American Association for the
ComPUier ASS|Sted = Advancement of Sgi)::nce, 1989; National Council of
. . Teachers of Mathematics, 1989; National Science Teachers
lns“‘UC'hon and The" Association, 1990). Technology plays a key role in this new
. vision. It is commonly believed that microcomputers can be
Prac“ce used to effectively develop student understandirll)g and
individualize instruction (Fuson & Brinko, 1985; Goldman,
: Pellegrino & Mertz, 1987; Resnick & Ford, 1981; Suppes &
Daie S N|eqerhcuser Morningstar, 1972). Simply installing computers in public
University of Utah  school classrooms and labs, however, will not change
teachers’ approaches to instruction. The way teachers
. integrate the use of technology into their teaching will be
Trish Stoddart  strongly influenced by their beliefs about the role technol-
: : : : ogy can piay in their instructional practice.
Umversn‘y of Cailifornia at Santa Over the past decade, researchers have documented the
Cruz  powertul effect of teachers’ personal beliefs on their
teaching practices (Buchman 1988, 1989; Bullough, 1989;
Hollingsworth, 1989; Lortie, 1975; Zeichner, Tabachnick &
Densmore, 1987). Personal perspectives, based on prior life
experiences, have been shown to serve as major pedagogical
driving forces throughout teachers careers. Of particular
importance is the “apprenticeship of observation”—the
thousands of hours they spent as pupils in grade school
classrooms (Lortie, 1975). Teachers tend to draw on their
own experiences as learners and often seek to create in their
teaching those conditions that were missing from their own
education (Knowles & Holt-Reynolds, 1991).

The majority of the current teaching force, however,
have little experience in learning through technology. They
were educated in classrooms that were relatively “‘computer
free” and have limited personal experience to draw on in
forming their perspectives on computer-assisted instruction
(CAJ). Thus, teachers look to the outside world for help,
often relying on computer vendors to provide direction and
training for the integration of technology into their class-
rooms. It is often a technology expert who chooses the
software that is made available for teachers to use with
students and provides training for teachers in the use of the
software. In light of this, it is important to examine the
relationship between teachers’ beliefs about effective uses
of CAI (ie. behavioral vs. constructivist) and the types of
software (ie. Tutor, Tool, Tutee) that they use with students.

The present study will address how teachers beliefs
about CAl relate to the types of instructional software they
use, the types of computer related activities they provide for
students, whether they integrate computer usage with other
instructional activities and whether they have received
training in various types of computer usage.

Method

Data sources, including factors derived from surveys
completed by teachers, are described and explained in this
section.
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Data Source

The data presented in this study were collected through a
statewide study which examined teachers’ usage of technol-
ogy in their classrooms. A set of questionnaires was mailed
to every public elementary, middle, junior high and high
school in the State. Two teachers per grade level grouping
(K-2, 3-4, 5-6) were surveyed at the elementary level while
three teachers per grade level grouping (7-8, 9-10, 11-12)
were surveyed at the middle, junior high and high school
levels. A total of 2170 usable surveys were returned (63%).

Questionnaire

The survey contained items which focused on teacher
demographics; their beliefs about effectiveness of using
computers in instruction; the amount frequency and type of
CAI teachers engaged in; names, frequency of use, and
subject areas for software they used; and the types of
technology training they received.

Analysis of Teacher Belief Items

The questionnaire contained 18 items that evaluated
teacher beliefs about CAI. Teachers rated how effective
they believed computers to be in accomplishing a variety of
goals such as “Introducing students to the subject,” “Rein-
forcing each right answer,” “Developing higher order
thinking skills” and “Helping students to construct their own
representations of concepts.” Items were rated on a 5 point
Likert scale in terms of how effective computers are when
compared with more traditional forms of instruction (much
less effective (1) to much more effective (5)).

The eighteen questionnaire items were entered into a
Principal Component Analysis. The initial decomposition
of the unadjusted correlation matrix extracted three factors
with eigenvalues greater than 1 which accounted for 55.3%
of the total variance in the matrix. Examination of a scree
plot of the factors indicated that only two of the factors were
viable. These two factors were retained and the factcr
matrix was rotated using the varimax method. The two
factor orthogonal solution was theoretically meaningful and
supported our decision to retain only two factors. These two
factors accounted for 49.6% of the total variance in the
matrix.

Two measures were used to examine the correlation
matrix to determine if the data were appropiiate for factor
analysis techniques. Bartlett’s test of sphericity was used to
test the hypothesis that the correlation matrix is an identity
matrix. The value of the test statistic for sphericity (Bartlett
Test of Sphericity = 14089.800, p < .001) is large and the
associated significance level is small, so it appears unlikely
that the population correlation matrix is an identity. The
Kaiser-Meyer-Olkin measure of sampling adequacy is an
index for comparing the magnitudes of the observed
correlation coefficients to the n. _nitudes of the partial
correlation coefficients. In this analysis, the KMO value
was .92880. Thus, correlations between pairs of variables
can, to a large degree, be explained by the other variables.
Both of these indicators suggest that a factor analysis is an
appropriate technique to apply to these data.

Based on the five highest loading items on each factor,

we developed labels for the factors. We named Factor |

Student-centered Construction of Knowledge. This factor

included the following identifying items:

Item 17: Helping students to construct their own representa-
tions of concepts (.80001).

Item 16: Allowing students to analyze data, draw inferences
and generate their own problem solutions (.79705).

Item 12: Promoting student creativity (.76510).

Item 14: Providing experiences which enable students to
discover concepts for themselves (.750735).

Item 10: Developing higher order thinking skills (.73913).
We named Factor 2 Computer-centered Transmission of

Knowledge. This factor included the following identifying

itemns:

Item 18: Providing students with practice in basic skills
(.70999).

Item 7: Making sure students get the right answer (.70089).

Item 13: Providing drill and practice in the content required
by the core curriculum (.68488).

Item 8: Reinforcing each right answer (.68173).

Item 11: Remediating student learning deficits (.57257).
Factor scores for each subject were computed using the

regression method. These factor scores were used as an

indication of how teachers believe computers can be

eifectively used in instruction for the subsequent analyses.

Comparative and Correlational Analysis
Teachers were asked to list up to four software packages
they regularly used for instruction with students. These

titles were coded and grouped into seven categories for
analysis: :

DP/ILS. Drill and Practice/Traditional ILS (Math Blaster,

Reader Rabbit, SRA Math, IBM Math Practice
TEACHER TOOLS. Management Tools (Gradebook

Plus, ICLAS)

KB. Keyboarding (Touchtyping, Typing Tutor)
INT/GAME. Interactive/Games (Carmen San Diego,

Measurement, Time and Money)

TOOLS. Productivity Tools (Wordperfect, MS Word,

Lotus 123)

EXPL. Exploratory (Logo, Geometric Supposer, Math

Exploration Toolkit)

PRES/REP. Presentation/Representation (Hypercard,

Linkway)

Individual teachers were assigned to groups based on
whether they listed only software that reflects a traditional
transmission orientation to CAI (DP/ILS, TEACHER
TOOQOLS and KB), only software that can be used in more
constructivist ways (INT/GAMES, TOOLS, EXPL and
PRES/REP), or a combination of transmission and
constructivist type software.

Analysis of Variance (ANOVA) was used to examine
differences between the three categories (transmission,
constructivist and mixed) on the two factor scores
(constructivist and transmission).

In addition, factor scores were correlated with instruc-
tional activities that teachers use with computers and
whether or not teachers had received training in specific
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instructional computing areas.

Results

The findings presented below analyze the relationship of
teachers’ beliefs about CAI to their classroom use of CAl
and the training they have received for using computers in
their classrooms.

Categories of Software Use

The ANOVA for categories of software use groupings
revealed a main effect for the Student-centered
Constructivist factor (F(2, 1564) = 58.03, p < .001, MS =
.952). Post-hoc analyses using the Scheffe method revealed
significant differences between the Transmission group and
the Mixed group (p < .01), the Mixed group and the
Constructivist group (p < .01), and the Transmission Group
and the Constructivist group (p < .01) (see Table 1 for
adjusted means and standard deviations). These results
indicate that teachers who used more constructivist software
had significantly higher scores on the Student-centered
Constructivist factor than did teachers who used Transmis-
sion software or a mixture of Transmission and
Constructivist software. In addition, teachers who used a

of computer activities teachers use with their students and
(2) the types of other instructional activities teachers do
along with computer activities in their classrooms. The
matrix of correlation coefficients can be seen in tables 2 and
3.

As table 2 shows, the use of drill and practice software’1s
the only variable that correlated significantly with the
Computer-centered Transmission of Knowledge factor (p <
01). In contrast, The use of drill and practice software
variable had a significant negative correlation with the
Student-centered Construction of Knowledge factor (p <
01). All of the more elaborated uses of instructional
computers (Word Processing through Graphics and Design
Software) correlated significantly with the Student-centered
Construction of Knowledge factor.

Table 2

Correlation of factor scores with whether
teachers provide specific computer related
activities for their students.

X S e Computer Construct- Transmiss-
mixture of Transmission and Constructivist software had ; .
significantly higher scores on the Student-centered Activities ivist Factor  ion Factor
Constructivist factor than did teachers who used only

Transmission software. . : - -

A main effect was also found for the Computer-centered \[IDVr:)"rgl a:)accélscgn .0%66222" g?gl
Transmission factor (F(2, 1564) = 5.35, p < 01, MS_= et o o7ag 0094
.917). Post-hoc analyses using the Scheffe method revealed Data management : :
significant differences between the Transmission group and (dbase, s ?e adsht) 0663 -.0241
the Constructivist group (p <.01) and the Mixed group and Exol ora‘ti 0?1 tools (simul- ) )
the Constructivist group (p < .05). No difference was found ati% ns, microworids) 1049* -0023
between the Transmission group and the Mixed group (see A uthorin roqrams '0960" _‘021 3
Table 1 for adjusted means and standard deviations). These Progra mngi)n gLan 0558 -0207
results indicate that teachers who used more constructivist Clags reser?tationgs' i et
software had significantly lower scores on the Computer- Acce sg bulleun boards '0684" _'02 40
centered Transmission factor than did teachers who used Testing and assessmt '1 098" b32 4
Transmission software or a mixture of Transmission and G raph?&s y ' T )
Constructivist software. design software 0997 0160
instructional activities

A series of Pearson correlation analyses examined the Note." =p<.05; " =p< .01
relationship between the two factor scores and (1) the types
Table 1: Adjusted means table: Factor scores arrayed by software categories.

Factor Type
Constructivist Factor Transmission Factor
Software Type
Transmission Mixed Constructivist Transmission  Mixed Constructivist
adj X -0.323 0.005 0.366 0.103 0.068 -0.087
SD 1.002 1.003 0913 0.963 0912 1.010
n 453 637 477 453 637 477

Note. Scores represent adjusted mean factor scores. Constructivist Factor F(2,1564) = 58.03. p < .001, MS, = 952

Transmission Factor (F(2. 1564) = 5.35, p < .01. MS§, = 917)
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Table 3 indicates that Student-directed Small Group
Activities, Hands-on Activities or Experiments, and
Research Projects correlate significantly with the Student-
centered Construction of Knowledge factor while Review or
Remediation correlated significantly with the Computer-
centered Transmission of Knowledge factor, and Home-
work or Seatwork Activities correlated with both factors.

Staft development

Finally, we examined the relationship between the factor
scores and whether or not teachers had received training in
specific instructional computing areas (see table 4). On the
Student-centered Construction of Knowledge factor, a
pattern emerges that somewhat resembles the analysis
presented in Table 2. Receiving training in Drill and
Practice software correlated in a negative direction while
training i the more elaborated uses all correlated positively.
On the Computer-centered Transmission of Knowledge
factor, receiving training in Drill and Practice Software was
positively correlated, as were training in Word Processing,
Programming Languages, Instructional Presentations,
Testing and Assessment, and graphics and Design Software.

Discussion

These results indicate that teachers’ beliefs about how
technology can be effectively used in instruction can be
differentiated into two discrete categories. Some teachers
believe computers are tools that students use in collecting,
analyzing and presenting information, while others believe
that computers are machines that can be used to present
information, give immediate reinforcement and track
student progress. In addition, teachers’ beliefs about
effective uses of computers are closely linked with their use
of computers in the classroom. Teachers who used more
open ended, constructivist software with their students
believed that computers can be used more effectively as a
tool for student construction of knowledge while teachers
who used more traditional behaviorist types of software
believed that computers were effective as teaching ma-
chines. However, at this time, it is not clear whether
teachers beliefs about effective uses of computers influ-
enced the purchase of software in their schools, or whether
the software that was purshased, and training teachers
received, influenced teachers beliefs about how computers
can be effectively used. In fact, evidence suggests that
teachers frequently play minor roles in the selection of
hardware and software that is used in their schools
(Mergendoller, Stoddart, Horan, Niederhauser, &
Bradshaw, 1992), so how these attitudes develop would
merit further study. 'The largest group said they used both
types of software and this group was positioned between the
other two groups with respect to the student-centered
constructivist factor but was more closely aligned with the
traditional transmission group on the computer-centered
transmission factor. It would be of interest to monitor this
o to see if they move toward the constructivist or
transmission end of the continuum.
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Table 3

Correlation of factor scores with whether
teachers integrate computer usage with other

instructionat activities.

Computer Constructiv-
Activities jvist Factor
Student-directed

small group activities  .1263**
Homework or

seatwork exercises .0585*

Review or remediation -.0208
Hands-on activities
or experiments
Research projects

.2103™
1647

Note.*=p<.05;** =p<.01

Transmis-
sion Ftr.

.0280

.0830"*
.1500**

.0180
-.0021

Table 4

Correlation of factor scores with whether
teachers received inservice training in specific

areas.

Inservice Construct- Transmis-
Topics ivist Factor sion Ftr.
Drill &practice -.0637** 0473*
Word processing .0455* .0455*
Interactive software 0680** 0270
Data management

(dbase, spreads.) .1090** 0331
Exploration tools (sim-

(ulation. microworld) .1200** .0282
Authoring programs 1917** 0237
Programming lang. .0700** 0484*
Instructional

presentations 0804** 0621**
Accessing

bulletin boards 0786%* .0013
Testing and assessment ~ .0795** .1013**
Graphics &

design software .0944** 0693%*

Note. * =p < .05, **=p< 0]

There was a correlation between the student construc-
tion factor and more integrated uses of computers with
students. In exarnining the relationship between teacher
perspectives on CAI and instructional use, we observed that
teachers who believed CAI was most effectively used for
student construction of knowledge were more likely to say
they used computers in ways that go beyond traditional
“teaching machine” uses of computers. These teachers
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provided a wide variety of activities for their students and
were able to integrate computer applications. It is not
surprising that these teachers also received training in these
areas. However, the direction of this relationship is not
clear, i.e., whether training influenced beliefs or whether
their beliefs prompted teachers to seek out training. In
contrast, there was a relationship between the transmission
factor and using the computer for homework or seatwork
and review or remediation. These types of activities are
typically supported by the software typically found in an
ILS.

Teachers® beliefs that computers were most effective for
student construction of knowledge tended to reflect training
in more elaborated uses of technology and they reported a
variety of uses in their ciassrooms. Teachers who had
higher constructivist factor scores had not had extensive
training in the use of drill and practice software and tended
not to use it in their teaching. The relationship between
training and use of technology with students on the student-
centered constructivist factor (tables 2 and 4) is striking.
Once again, further study is needed to determine the
direction of this relationship.

As might be expected there was an association hrtween
teachers’ who had higher scores on the computer-centered
transmission factor, the drill and practice cornputer activities
they chose to use with students, and the training they had
received. Itis of interest that although there was arelation-
ship between the transmission factor and receiving training
in using drill and practice software, word processing,
programming languages, instructional presentations, testing
and assessment, and graphics and design software, only the
drill and practice software correlated with activities with
students. The other activities are, however, consistent with
the transmission view of instruction. Computer program-
ming is often taught through traditional transmission
techniques. Instructional presentation software can be used
as an electronic blackboard. Word processing and graphics/
design programs can be used for preparing handouts, tests
and other instructional materials, and testing and assessment
programs are often included in ILS programs.

Although correlation values may be viewed as rather
modest, they reveal an interesting pattern of relationships.
The findings of this study indicate that teachers’ beliefs
about CAl are associated with their use of technology in
instruction. One interpretation of the staff development data
is that the training teachers receive may have a powerful
influence on their beliefs about how technology can be
effectively used in education.
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Parental Perceptions of
Education, Technology,
and innovative
Mathematics Instruction.

Nancy M. Wentworth
Brigham Young University

Michael L. Connell
University of Utan

Barbara goes to the computer lab once a week with her
sixth grade class. There, she types in her password and the
computer presents her with one math problem after another.
She types in answers to each problem and, if she does well
enough, she is given a new set of problems to do. At the end
of the hour, she returns to her classroom. The computer lab
assistant prints out a progress report for Barbara’s teacher
that shows the percent of correct answers Barbara gave. The
teacher sends this printout to Barbara's parents once a
month so that they can see Barbara’s progress. At parent
teacher conferences, Barbara's parents praise the teacher for
the wonderful information they have about Barbara’s math
work.

Danny’s sixth grade classroom has five computers in it.
The students are allowed to work on the computer whenever
they need it to help them in their work. For example, the
students were asked to write a math problem using the five
digits 5, 6, 7, 8, and 9, so that they could create the largest
answer possible. After thinking about this with a friend for
a few moments, Danny and his friend go to a computer and
type in a problem. The computer gives them an answer.
Danny and his friend discuss the result for a moment and
then type a new problem into the computer. After several
such tries, Danny and his friend announce that they believe
they have found a way to use five digits to get the largest
answer possible. Other students in the class discuss their
ways to get large answers. The teacher gives a list of five
different digits and asks the students to write problems that
have small answers and defend their problems. Many
students go to the computers to try out the problems they
have designed. That week, at parent teacher conferences, -
several parents complain that they don’t see many math ~
problems coming home with their students. “‘Are they doing
enough math? Will the students be ready for next year?”
These are comnmon concems among the parents.

Comparing these two uses of computers in the class-
room and the parent reactions to them poses some important
concerns for both preservice and inservice texchers. Why
do the parents feel that they know a great deal about
Barbara's math work when what they have is a computer
printout of math scores? Why are Danny’s parents con-
cerned about how much math he is doing and if he will be
prepared for next year's work? In this paper we will focus
on how existing parental beliefs concerning education
impact their beliefs on the implementation of technology
and innovative mathematics instruction. We have found
that parents clearly view the importance of education in
many different ways. The use of computers in educatior,
and innovations in mathematics education that develop
conceptual understanding and probiem solving skills often
challenge or reinforce these parental views.

Classroom uses of computers has increased extensively
in the past two decades and varies from information
delivery, drill and practice exercises, to an environment of
problem solving for students (Papert, 1992). This extensive
investment of resources, however, has not resulted in
significant changes in instructional practices in the public
schools. Parents desire that computers be a part of their
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children’s education and believe that computers can
enhance achievement scores (Visser, 1987). When comput-
ers are used in innovative ways, parents resist the nature of
the instruction (Cobb, Yackel, Wood, Nicholls, Wheatly,
Trigetti, & Perlwitz, 1991), preferring standard didactic
practice. The support or resistance of innovative instruc-
tional practices by parents may influence their effectiveness.

Parent Perceptions of Education

Although educators have long recognized the impor-
tance of understanding cultural and family influences on
students, previous research has focused upon the effects
socioeconomic status and ethnicity has had upon limited
outcome measures of education test scores. This study
breaks with tradition by directly investigating parent beliefs
concerning the purposes of education, the roles of education
in the lives of their students, and how these perceptions
influenced parental reactions to the implementation of
mathematics and computer instruction.

The National PTA (1990), in a packet for parents
entitled “Math Matters”, defines several reasons for
teaching mathematics: (a) learning about our everyday
world, (b) job training as a key to the future, (c) being the
best one can be, (d) gaining skills, and (e) gaining problem
solving skills. These perceptions of the goals of mathemat-
ics education may or may not be held by most parents. In
order to identify a variety of goals and purposes of educa-
tion that parents perceive as important, informal records as a
participant-observer and formal interviews were used.
Constructs were identified and developed into a survey that
was modified following a pilot study (Wentworth &
Connell, in press). Seven purpose-of-education variables —
(a) improve a student's chance for a good job, (b) expose
students to the world around them, (c) help students reach
full potential, (d) teach responsibility, (e) expose students to
a cultural background, (f) teach skills, (g) prepare students
to be problem solvers — in each of four areas of education:
general education, the role of the teacher in education,
mathematics education, and the role of the computer in
education for a total of 28 variables.

Subjects

Five elementary schools in a large mid-western city
were selected based upon the nature of their technology
initiatives (i.¢., ranging from a traditional integrated learning
system (ILS) to a constructivist motivated approach) and
their performance upon standard assessment measures (the
schools roughly fell out a quintile apart, thus reflecting a
broad range of measured abilities). Three thousand students
took home surveys and about 1000 were returned. The
average age of those returning surveys was 35, with 80% of
the respondents female, 77% Caucasian, 1% African
American, 8% Hispanic, 3% Hispanic, 3% Native Ameri-
can, 1% Pacific Islander, and 3% Asian (6% did not respond
to this item).

At the time this survey was conducted, several of the
participating schools were writing grants applying for
computer equipment and training as part of the state

Education Technology Initiative (ETT). As computer
technology and implementations were in the forefront of
parents’ thinking as they worked with school leaders to
prepare ETI proposals. The impact this may have had on the
survey and its interpretation must be realized. For this
population, the questions relating to computer use had
already been the subject of much thought and reflection. It
is likely that their responses more accurately reflect their
true beliefs on these issues than a “cold” administration of
the instrument would have achieved.

Factor Analysis Results

In order to interpret the survey variables measuring
parent perceptions of education, we used a multivariate
factor analysis, first with all the schools and then for each of
the five schools. Factor interpretations were based upon
how the variables loaded on the factor under consideration.
Factors with loadings of .4 or higher were considered 1o
have salient loadings in this study. This is a very conserva-
tive choice for the total population of approximately 1,000
participants, as it is within normal consideration for studies
of approximately 175 where .3 is often the criterion
(Gorsuch, 1983). A similar analysis was done for each of
the five schools in the study after the factors for the total
population were interpreted and named.

In the principal component factor analysis for the total
population, six factors had Eigenvalues greater than 1 and
were retained for further analysis. Using the variable
loadings, the six factors were identified as follows: (a) job,
(b) responsibility-potential, (c) world, (d) problem solving,
(e) computer, and (f) teacher. The factors tended to fall on a
continuum of explicit to implicit roles of education. The
explicit learning included skills, facts, training, things
external to an individual’s character and easily measured
like the job factor. Implicit learning was more personal,
intemnal, not easily measured, such as learning responsibil-
ity, developing potential like the responsibility-potential
factor. One potential significance of this finding could be
that the parental perception of the roles of education
includes the belief that personal and internal learning
enhances skills and job training education.

Each school had a slightly different arrangement of
these factors on the continuum of educational roles (Connell
& Wentworth, 1993). In this paper, the results of the survey
from two of the five schools will be discussed. School B
and School D had very different computer implementations
and so they will provide an interesting comparison of parent
reactions and belief about computer technology and
innovative mathematics instruction.

School B

School B was selected because the students’ SAT
Scores were approximately one standard deviation above
the norm, and because of its computer lab, which is much
like the ILS lab Barbara used to practice problems as part of
the mathematics instruction. It had a middle to upper-class
socioeconomic population. The average age of the 207
participants returning surveys was 37, and 77% were
female. Seventy-eight percent were Caucasian, 5% African
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American, 5% Hispanic, 2% Native American, 5% Asian.
School B had been awarded an ETI grant one year prior to
the time of this survey. Classes were scheduled with lab
times during which students worked in CAI programs
designed for their predetermined needs. Reports of progress
were printed weekly, or upon teacher requests. Teachers
could call up the progress reports and change the sequenc-
ing of any students work when desired. One computer lab
aide had been hired to operate the lab and produce reports
when requested.

School D

School D was selected for this study because its students
had SAT scores one standard deviation below the norm and
because of its plan for an innovative math program that
would include technology. The population of this school
was unique in the district because 30% of the students were
non-English speaking students. Many of the non-Caucasian
students were Asian, and many of the Caucasian families
were immigrants from Eastern Europe. Only 117 surveys
were returned and the average age of the parents participat-
ing was 33, 79% were female, 65% were Caucasian, 1%
African American, 14% Hispanic, 3.5% Native American,
2.5% Pacific Islander, and 10% Asian. School D, the state
university and a local computer business wrote the ETI
grant for this school in a cooperative effort. The specific

* proposal included computers as part of the restructuring of

math instruction. This restructuring required the inservicing
of teachers in the constructivist theory and methodology,
much like Danny’s class. The grant was awarded and a lab
of 18 computers was established. Most classrooms were
also equipped with five additional computers that were
networked with thc lab. In addition to the inservicing of
teachers in the constructivist approach to math education by
faculty and graduate students from the university, teachers
were instructed by the computer company in classroom
management and CAI software.

The factor definitions for schools B and D are listed in
Table 1. The responsibility and problem sclving factors had
the most diversity. At school B the responsibility variables
were loaded on a technical factor that included some skill
and job variables of computer and mathematics. School D
had a responsibility-problem solving factor rather than one
responsibility factor and one problem solving factor.

The factor analysis performed for the school indicates
that the parents had a view of education that emphasizes

explicit, technical and skill learning over implicit, personal,
responsibility learning, especially compared to schools with
similar populations. During the year before the survey was
given to the parents, computers at School B had been used
in a drill and practice lab to reinforce mathematics as well as
other skills, much like Barbara’s school. Mathematics was
taught in a traditional instructional method and computers
were used to reinforce skills, not develop problem solving
abilities in students. Students were not asked to construct an
understanding of the mathematics as they worked on the
computers, they were just asked to type in answers that the
computer scored.

At school D, where there was a mix of ethnic back-
grounds, parents also had a very technical view of educa-
tion. Two technical factors were defined at this school, a
general job factor and a computer factor linked to math
skills. The reaction of parents at school D to the
constructivist mathematics an? problem solving implemen-
tation of computers challenged these technical perceptions.
Comments at parent-teacher conferences reflected the
concern of parents that their child was not going to “know
what he will need to know when he gets to junior high.” The
view that mathematics is a set of skills and that students are
to practice those skills was challenged when students were
asked to think about a problem and explain to the teacher
what they were going to do to solve it, and then program the
computer to perform the computations. Parents felt that their
students would miss important skill training. Additional
concerns included the “newness” of the instructional
method. Parents would comment that “this was not the way
Ileamned math.”

Importance to Teacher Education

We draw two impertani conclusions from this study of
parent perceptions of education. First, the factors defined
from the total population show that parents perceive
education as both implicit and explicit. Second, teachers
need to be aware that many parents will not understand
innovative mathematics instruction and technology in the
classroom when parents view education from a more
explicit, technical framework.

As innovative mathematics instruction and the imple-
mentation of computers at scnool D shifted toward problem
solving, parental perception of the technical, skill-training
role of education was challenged. The innovative math-

Table 1
Factors Definitions
Factor 1 Factor2 = Factord Factor 4
School B Computer Job Technical- World
Responsibility
School D Responsibility Computer Culture Job
Problem Solving
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ematics program at School D failed to meet existing parent
beliefs about the importance of explicit leaming. Regardless
of its merit, it was not recognized as worthwhile. Con-
versely, the ILS program at school B mapped closely to
existing parent beliefs and was rated unreasonably high
regardless of its lack of educational power. Educators
should be aware of these concerns and inform parents about
the nature of the innovations, emphasizing the strengths and
importance of students constructing m- anir.3s to algorithms.
Teachers need to include parents i . the understanding of
innovative mathematics instruction. '*arents can learn the
importance of the internal and personal roles education
plays in the development of their students. Learning goes
beyond drill and practice of skills solely for the purpose of
job training. Teachers using computers to enhance innova-
tive mathematics instruction can inform parents about the
problem solving thinking being done in the classroom.
Danny and his friend created the problems and used the
computer to calculate answers. Then they evaiuated what
they had learned and created new problems that required
another calculation. Through this activity of problem
solving, Danny and his friend interacted with each other,
reasoned about number relationships, and communicated
their mathematicali thinking with each other and the class.

As teachers involve parents in understanding these
varied roles, learning may become more internalized. A
valuable by-product of this internalization of educational
roles may be the concurrent increase of standardized test
scores. It should be emphasized that the importance of
internalizing learning and stressing implicit roles of
education is only a possible factor in increasing test scores.
As parents and educators alike stress the implicit side of
education, the importance of using standardized test scores
to evaluate the success of education may be lessened.
Further research on parental perceptions of education could
focus on the impact belief systems have on the emphasis
parents place on standardized test scores.

Further study of the factor patterns of these variables
could indicate parental perceptions of relationships between
education and teacher variables, teacher and mathematics,
and mathematics and computer variables, between educa-
tion and mathematics, education and the computer, and
between teacher and computer variables. Strong relation-
ships between teachers and computers would support the
didactic, explicit views of education and indicate the need to
educate parents about constructivist methodology to insure
some acceptance of computer and mathematics innovations.
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Prospective Teachers’ Use
and
Perception of the Value of

Technology
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In the pursuit of educational excellence, the quality of
teacher education has become one of the major issues. How
to adequately prepare prospective teachers to meet the
challenge of the profession has gained great attention,
particularly in a changing society where the information
explosion and technological advancement have made the
profession tremendously demanding. To deal with the
challenge many educators have advocated the integration of
educational technology into teacher training. The need for
educational technology is based on the concept of providing
a variety of materials, equipment, and instructional modes to
enhance the teaching and learning process.

Educators seem to assert that educational technology has
enormous potential to improve education practice. The
Office of Technology Assessment (1988) has published an
assessment of the integration of new technology into
classrooms Its report includes a description of the pre-
service requirements for new technology in each of the
states. A great number of researchers have studied the
implementation of technology in teacher education. The
challenge that new technology such as interactive video,
computers, and so forth presents to teacher training and the
program that aims at enhancing teacher preparation in
technology has well been documented (American Associa-
tion of Colleges for Teachers, 1987; Association for
Educational Communication and Technology, 1981;
Bosworth & Welsh, 1993; Byrum & Cashman, 1993;
Reyes, Torp, & Voelker, 1993; Robinson, 1993; Woodrow,
1993). Other researchers of technology and teacher
education have focused on teachers’ attitudes and character-
istics (Day & Scholl, 1987; Huang, Copley, Williams, &
Waxman, 1992; Liao, 1993). These studies cited improved
instruction, effectiveness, and time saving as the rationale
for engaging in educational technology activities. What has
rarely been explored is the relationship between prospective

.teachers’ use and perception of the value of educational

technology. Similarly, some student teacher characteristics

like gender, age, grade-level taught, subject area, media and

computer facilities at home, faculty influence, and previous
teaching experience have not been specifically investigated
in terms of their relationship to prospective teachers’ use or
perception of technology. This study explored these
relationships. More specifically, this study addressed three
research questions:

1 What are student teachers’ utilization and perception of
the value of educational technology?

2 Is there consistency or discrepancy in prospective
teachers’ perception of the value and actual use of
educational technology?

3 How do teacher characteristics relate to utilization and
value perception of technology?

Methods

The subjects consisted of student teachers enrolled at
three universities located in the Central south. A total of
287 student teachers were administered surveys. Of the 158
responses usable for the present study, 131 (83%) were
female and 27 (17%) were male. Their ages ranged from 21
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Table 1
Student Teachers’ Characteristic Profile
Variable f %
Gender
Male 27 17.1
Female 131 829
Age
Unspecified 2 .
21-25 51 327
26-30 30 19.2
31-35 31 19.9
36-40 24 154
41-52 20 12.8
Subject
Unspecified 2 .
All Subjects 89 57.1
Reading/Language 26 16.7
Mathematics 5 32
Science/computer 10 6.4
Biology/Life sc.. 4 2.6
Social science 18 115
Economic/business 2 1.3
Special Education. 1 0.6
Health/PE. 1 0.6

Previous media or computer experience

Unspecified 8 .
Yes 67 447
No 83 553

Variable f %
Grade Level
Unspecified 2 .
Elementary S. 97 62.2
Junior High S. 9 58
Secondary S. 9 5.8
Senior High S. 41 26.3
Race
unspecified 1 .
White 140 89.2
Black 7 45
Hispanic 9 57
Asian 1 0.6
Technology Facilities at Home
Unspecified 2 .
Yes 129 82.7
No 27 17.3
Previous teaching experience
Unspecified 2 .
Yes 70 449
No 86 55.1
Faculty Influence
Positive 115 72.8
Neutral 41 259
Negative 2 1.3

to 52 with a mean of 31. A great majority of them (89%)
were white. About 62% of them taught in elementary
schools and 27% taught in high schools. Over 55% of them
taught all subjects. Table 1-presents these teachers’ charac-
teristic profile.

The measuring instrument is the Educational Technol-
ogy Use Questionnaire (ETUQ). The ETUQ lists the 10
most-often identified technology activities associated with
the teaching profession. Student teachers indicated their
value estimation of each technology activity on a five-point
Likert-type scale and indicated the frequency of their
participation in each activity during the semester. The alpha
reliability coefficient is .86 for their value perception and
.68 for their participation. The survey questionnaire appears
to cover relevant content. Student teachers’ responses on
these activities are considered realistic measure of their

educational technology involvement. The ETUQ was
administered to the subjects toward the end of their student
teaching semester. Two weeks later, a {ollow-up letter and a
survey questionnaire were mailed to the subjects whose
responses had not been received. The responding rate was
nearly 60%.

Descriptive statistics were used to provide means,
standard deviations, and ranks of the ten technology
activities. Student teachers were then divided into three
groups according to their perceptions of the value of
educational technology. Student teachers with a total
perception value below 38 were in the low-perception
group, those with a total perception value between 38 and
44 were in the median-perception group, and those with a
total perception value above 44 were in the high-perception
group. An analysis of variance (ANOVA) was used to

62 — Technology and Teacher Education Annual — 1994

76




compare the frequency ot technology use among the three
groups of student teachers. Multiple regression was
employed to determine whether there were significant
effects of these prospective teachers’ characteristic variables
on their perceptions of the value and actual use of educa-
tional technology.

Results

Table 2 reports descriptive statistic results. The results
revealed that, in general, student teachers perceived the
value of educational technology very highly. They per-
ceived each educationa